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ABSTRACT 
 
Determining carnivore diets and how they may change over time is important if the 
management of large carnivores is successful in an enclosed reserve. Carnivore diets are 
known to shift over time in response to a variety of factors. These factors include prey 
availability and climatic conditions (rainfall patterns). The re-introduction of lions (Panthera 
leo) and spotted hyaena (Crocuta crocuta) to Addo Elephant National Park (AENP), South 
Africa provided the opportunity to study diet trends of lions and spotted hyaena in an 
enclosed system. 
The study focused on the diets and overlap of lions and spotted hyaena and how 
their prey selection changed since their re-introduction in 2003 to 2010.  The database 
included scats collected over a seven year period. A total of 195 spotted hyaena scats and 
217 lion scats were analysed using scat analysis. Prey items estimated from scat samples 
were coupled with prey availabilities to determine preferred prey items. Additionally, from 
determined carnivore diets, lions and spotted hyaena diet overlap was estimated over time.  
Lions preferred prey items which included zebra (Equus quagga) and eland 
(Tragelaphus oryx) during the early portion of the study. Over time preference shifted to 
include buffalo (Syncerus caffer), bushbuck (Tragelaphus scriptus) and grey duiker 
(Sylvicapra grimmia). Spotted hyaena preferred zebra and eland in the earlier part of the 
study, then over time, shifting their selection to grey duiker, buffalo, red hartebeest 
(Alcephalus busephalus) and bushbuck. Lions and spotted hyaena had a similar diet which 
increased in overlap during the study (67% - 91%).   
Our findings suggest that lions and spotted hyaena had a degree of diet 
specialization; both carnivores avoided and preferred certain prey items relative to their 
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abundance. Their preference excluded the most abundant prey items, thus causing a 
decline in abundance of rarer species over time. Lions and spotted hyaena did not respond 
by shifting their diets to consume abundant prey items when their preferred prey items 
declined in availability. However, this study may be a snap-shot of carnivore’s diet trends. 
Thus further monitoring of the large carnivore diets should be researched in order to 
determine which factors drive their prey selection. Additionally, lions and spotted hyaena 
diet overlap increased overtime. The high diet overlap may be a result from spotted hyaena 
scavenging off lion kills, thus spotted hyaena diets may be facilitated by lion kills. Finally our 
data suggests that re-introduced large carnivores in AENP are likely to change the 
composition of the overall mammal community, potentially eliminating rare but preferred 
prey species in an enclosed reserve. 
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CHAPTER ONE 
GENERAL INTRODUCTION 
1.1 Introduction  
Quantifying large carnivore diets, feeding behaviour and what drives changes in their 
diet is essential, as this is required to determine a top carnivore’s basic ecology and their 
ecological niche in an ecosystem (Cooper et al. 1999, Sih & Christensen 2001). 
Consequently, understanding carnivore diets is a well studied aspect of modern biology (Sih 
& Christensen 2001).  
Large carnivores play a major role in shaping prey communities (Karanth & Sunquist 
1995), and they behaviourally mediate prey availability responses through prey selection 
(Mills et al. 1995, Sih et al. 1998, Owen-Smith 2008). The feeding behaviour employed by 
large carnivores is forged by natural selection to maximize energy intake whist being 
tempered by ecological constraints (Blamires et al. 2001, Hayward & Kerley 2005). Such 
ecological constraints include prey density, prey group size, climatic conditions and differing 
habitat types throughout a carnivore’s range (Blamires et al. 2001, Hayward & Kerley 2005, 
Hopcraft et al. 2005, Owen-Smith 2007). These fluctuating constraints can result in either 
prey switching by carnivores, as some prey items are better adapted to survive in different 
conditions (Mills et al. 1995, Owen-Smith & Mills 2008), or to obtain the most energy-
efficient prey item from the available prey spectrum (Mills et al. 1995, Höner et al. 2002). 
This study therefore aims to further explore the issue of how top carnivores feed and 
respond to changes in prey availability, by analysing the diet of African lion (Panthera leo, 
hereafter referred to as lion) and spotted hyaena (Crocuta crocuta, hereafter referred to as 
hyaena) in the Addo Elephant National Park (AENP), South Africa. 
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1.2 Trends in Carnivore Diets 
Carnivore diets are known to shift over time in response to a variety of factors. These 
factors are well studied over long periods of time, and drive shifts in carnivore diets. These 
factors include: prey availability (Gloanciński & Profus 1996, Cooper et al. 1999, Novak et 
al. 2011), climatic conditions (Mill et al. 1995, Hovens & Tungalaktuja 2005), and 
depredation (Patterson et al. 2003, Kolowski & Holekamp 2006). Examples of each factor 
are highlighted below. 
The red fox (Vulpes vulpes), has a wide distribution throughout most of Europe and 
Great Britain (Dell’Arte et al. 2007). Their food habits have been well studied, and shifts in 
their diet have been ascribed to altitude (Hartová-Nentvichová et al. 2010) and prevailing 
climatic conditions which in turn influences prey availability (Cagnacci & Lovari 2003, 
Dell’Arte et al. 2007, Hartová-Nentvichová et al. 2010). Wolves (Canis lupus) in Hustai 
National Park, Mongolia and lions in Kruger National Park (KNP) diets are also affected by 
prevailing climatic conditions, i.e. seasonal fluctuations which drive prey vulnerability (Mill et 
al. 1995, Hovens & Tungalaktuja 2005). However, if there is a choice large carnivores 
generally selectively kill the most abundant prey items in their range; prey abundance drives 
their prey selection (Karanth & Sunquist 1995, Hayward & Kerley 2008). Preferring the most 
abundant prey item/s has been observed in grizzly bears (Ursus arctos) in Yellowstone 
National Park (Mattson 1996), wolves in Poland (Gloanciński & Profus 1996, Novak et al. 
2011), and hyaena in the north-eastern Masai Mara National Reserve, Kenya (Cooper et al. 
1999). Contrary, some prey selection by carnivores is not density dependent. Tiger 
(Panthera tigris) and leopard (Panthera pardus) diets in Nepal were not driven by prey 
abundance and less abundant prey items were preferred (Wegge et al. 2009). Alternatively, 
depredation on livestock may occur in areas where human-wildlife conflict is rife and the 
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geographic range of carnivores has decreased, the diet shift from wild ungulate species to 
livestock may occur (Patterson et al. 2003). Jaguar (Panthera onca) and puma (Puma 
concolor) in Venezuela frequently killed livestock as less energy was spent when killing 
livestock as opposed to wildlife (Polisar et al. 2003). In African systems human-wildlife 
conflict with large carnivores is high. Lions in Tsavo East National Park, Kenya, frequently 
attacked livestock on neighbouring arid lands (Patterson et al. 2003) as did hyaena and 
lions in the north-eastern Masai Mara National Reserve (Kolowski & Holekamp 2006).  
The above highlights three main factors which drive diet trends in carnivores, namely 
climatic conditions, prey availability and depredation (only in unfenced reserves). Long-term 
diet data sets in African ecosystems have proved useful in investigating diet trends in large 
carnivores in the Serengeti (Hopcraft et al. 2005), KNP (Mills et al. 1995) and in other 
reserves in southern African (Radloff & du Toit 2004, Rapson & Bernard 2007). Therefore 
by monitoring and exploring these factors will enable a better understanding as to which 
factors drive shifts in selected ecosystems, and hence the possibility of predicting these 
shifts and associated issues (i.e. decline in preferred prey items) in the future. 
1.3 Diet Overlap in Carnivores 
The concept of diet overlap plays an important role in determining a species niche in 
an ecosystem (Lawlor 1980). Diet overlap studies of sympatric carnivores allow for the 
understanding of how carnivores partition food resources in a potentially competitive 
ecosystem (Silva-Pereira et al. 2011). Sympatric carnivores are able co-exist, alleviate 
exploitation competition and diet overlap though several ways. These include adapting their 
behaviour temporally or spatially to avoid interaction with competing carnivores, behaving 
opportunistically and exploiting a wider range of prey items available to them, or exploiting a 
high availability of prey items. 
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The red fox, badger (Meles meles), and stone marten (Martes foina) are three 
sympatric carnivores which co-exist and limit their diet overlap by exploiting abundant prey 
items (Prigioni et al. 2008), this resource partitioning was observed in sympatric carnivores; 
wolf, red fox and raccoon dog (Nyctereutes ussurienusis) in eastern Inner Mongolia (Zhang 
et al. 2009). Alternatively, if prey availability is a limiting factor in an enclosed system, 
carnivores have to adapt and shift their diet by feeding on a wider range of prey items 
(opportunistic). 
The opportunistic feeding behaviour and partitioned food resources between 
sympatric carnivores were observed in oncilla (Leopardus tigrinus), jaguarundi (Puma 
yagouaroundi) and ocelot (Leopardus pardalis) in southern Brazil (Silva-Pereira et al. 2011). 
Similarly, hyaena have adapted a scavenging feeding behaviour to exploit a wider range of 
prey items and scavenge off kills in order to alleviate resource competition with lions 
(Hayward 2006, Hayward & Kerley 2008). Carnivore hunting activities have been 
documented between Africa’s large carnivore guild whereby either carnivores partition their 
hunting hours to avoid interacting (Hayward & Slotow 2009), hunt in different habitat types 
(Mills & Biggs 1993) which enables carnivores to partition their resources by shifting their 
diet to specialize on other prey items. 
Therefore from the above there are two possible ways in which sympatric carnivores 
can avoid a high diet overlap and co-exist either through, exploiting prey items from a high 
prey availability, or adapting their feeding behaviour by becoming specific and specialized in 
their selection to a different range of prey items available to them.  
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1.4 Measuring Carnivore Diets 
 Measuring carnivore diets is an important step in investigating carnivore ecology and 
is dependent on the reliable analysis of data collected on the diet (Reynolds & Aebischer 
1991). Several techniques are available for the assessment of carnivore diets such as 
observations (sporadic or continuous) of kills (Mills & Shenk 1992, Rapson & Bernard 
2007), stomach contents analysis (Smuts 1979), and scat analysis (Keogh 1983), each of 
which are subject to different biases (Reynolds & Aebischer 1991, Radloff & du Toit 2004).  
 Estimating diets through observing carnivores feeding on carcasses or kills invokes 
a concern that smaller prey items will be under-represented, because they are consumed 
quickly and are harder to observe in the field, thus misrepresenting the diet of the 
carnivores (Radloff & du Toit 2004). Furthermore in dense vegetation, observations on kills 
and carcases are further limited. 
 Stomach content analysis is a highly invasive method of determining diets of 
carnivores and is ethically not applicable for rare or vulnerable species. Furthermore this 
method poses a bias in that stomachs have been used when carnivore carcasses and 
stomachs are available. Carnivore cropping operations, where a specific segment of the 
population are chosen or from depredation killing, biases results to the smaller cropped 
percentage (Smuts 1979).  
Faecal (or scat) analysis is a method through which prey material (e.g. hair and 
bones) found in each scat sample is analysed to determine the diet of carnivores (Keogh 
1983).  Scat analysis is advantageous because of the relative ease of obtaining samples, 
the non-invasive nature of the sampling procedure, and determining diets of carnivores in 
difficult to observe areas (Reynolds & Aebischer 1991, Marker et al. 2003, Andheria et al. 
2007). Scat analysis over-estimates small prey items (Kruuk 1972, Keogh 1983, Reynolds & 
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Aebischer 1991); however with the application of correction factors, this can reduce some of 
the bias (see Marker et al. 2003). Furthermore scat data, specifically from hyaena, are open 
to a number of shortcomings, because of their scavenging behaviour and habit of 
regurgitation; however observed hyaena kills are not well documented therefore scat 
analysis is a preferred method (Kruuk 1972, Hayward 2006). Male and female lions show a 
degree of sexual dimorphism in their diets (Funston, Mills & Biggs 2001), and hence a 
differential scat production between the sexes. This bias can be overcome by randomly 
sampling scats across the sample area. Sampling from different pride home ranges should 
limited the bias of sexual dimorphism in lion scats. 
Hair samples obtained from scats have species-specific characteristics of prey items 
are a considerable asset when studying carnivore feeding habits through scat analysis 
(Keogh 1983, Buys & Keogh 1984, Di Silvestre et al. 2000, Breuer 2005), as hair remains 
undamaged during digestion. Although hair is easily obtainable and identifiable from scat 
samples, scat analysis keys do have limitations as hair from keys have not been sampled 
from all parts of the pelage of each species, and the age of the prey items cannot be 
identified through scat analysis (Keogh 1983).  
Although there are noted issues regarding scat analysis, the use of hair 
characteristics for identification of species in diet studies has been widely used and 
accepted (Merggi et al. 2001, Nowak et al. 2001, Silva-Pereira et al. 2001, Padial et al. 
2002, Hovens & Tungalaktuja 2005, Andheria et al. 2007, Dell’Arte et al. 2007, Wegge et al. 
2009, Hartová-Nentvichová et al. 2010). In comparison to the other diet sampling methods, 
scat analysis is also far more reliable than observations of kills, and less invasive than 
stomach content analysis. 
Based on the above brief overview, it is clear that scat analysis is the preferred 
method in determining carnivore diets for this study. Given the advantages of scat analysis 
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(non-invasive, easy to collect, store and analyse) and research questions (diet shifts and 
overlap), this was the chosen technique used in this study. 
1.5 Study Species 
Africa’s large carnivore guild remains one of the last remaining intact carnivore guilds 
and consequently has high conservation value (Woodroffe & Ginsberg 2005). The study of 
this guild of carnivores is particularly interesting as it allows for a comparison of different 
carnivores with different body sizes and differing degrees of specialization and/or 
generalization (Carvalho & Gomes 2004). There are five large carnivores within the 
carnivore guild, namely: African wild dog (Lycaon pictus: Canidae), cheetah (Acinonyx 
jubatus: Felidae), leopard (Panthera pardus: Felidae), lion (Felidae), and hyaena 
(Hyaenidae) (Skinner & Chimimba 2005).  
Lion and hyaena, have a specific and often specialized diet selection to a different 
range of prey items, and hyaena are known to frequently scavenge (Kruuk 1972, Copper et 
al. 1999, Hayward & Kerley 2008). Both these carnivores prey upon the most abundant prey 
available within a specific prey weight range (Radloff & du Toit 2004, Grange et al. 2004, 
Breuer 2005, Hayward & Kerley 2005, Hayward 2006, Hayward & Kerley 2008). The 
dominant competitor (lion) generally attains a greater density than its counterpart (hyaena), 
with the ability to displace the opposing competitor from food resources, and thus to 
compensate, the displaced carnivore might effectively shift their diet (Cooper 1991, 
Hayward & Hayward 2006, Owen-Smith 2007). Therefore, a key aspect of the diets of these 
carnivores is that they tend to be relatively variable and it can be expected that they will 
display diet shifts as prey availability, climatic conditions, and competition varies. The 
opportunity to study resource use and possible diet shifts in these co-existing large 
carnivores, lions and hyaena, is therefore of value in understanding their resource use. 
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1.5.1 An Overview of African Lion Ecology 
Lions are the largest African felids with males weighing up to 225 kg (Skinner & 
Chimimba 2005). Historically, their distribution covered most of sub-Saharan Africa; 
however since game hunting and human encroachment their range has declined. Therefore 
lions are now mostly found in conservation areas, as their large group sizes and seemingly 
aggressive nature make them relatively easy to be exterminated by humans outside of their 
areas (Skinner & Chimimba 2005, Skead 2007). Human persecution, rather than food 
limitation, has brought about the decline of lion populations in Africa (Hayward & Kerley 
2005). 
Lions are often gregarious in prides (associated with females) of up to 30 individuals, 
however they can be found in male coalitions (one or two related males) which are not 
associated with prides (Skinner & Chimimba 2005, Moser & Packer 2009). The group sizes 
vary according to prey availability and territorial space; which is classified as a “fission-
fusion” system (Skinner & Chimimba 2005). Individuals in larger prides have higher rates of 
reproductive and hunting success (killing rate) than do individuals in smaller prides (Moser 
& Packer 2009).  
Lions are active during the cooler part of day and night, however they do most of 
their hunting at night (Skinner & Chimimba 2005). Most studies suggest that female lions do 
most of the hunting within a pride (Bertram 1978, Scheel & Packer 1991), however recent 
studies have shown that under certain ecological circumstances males are in fact efficient 
hunters, obtaining at least half of their food from their own kills (in prides) and coalition 
males do all of their own hunting (Funston et al. 1998). Lions are expert stalkers and make 
the use of minimal cover to close in on their prey (Skinner & Chimimba 2005). Most chases 
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of prey items are short, up to 200 m; this is because they stalk up very close to their prey 
before they attack (Skinner & Chimimba 2005). 
1.5.2 An Overview of Spotted Hyaena Ecology 
Hyaena are the most abundant large carnivore on the African continent (Cooper et 
al. 1999). They are effective hunters and carnivores which obtain most of their food by 
hunting the most abundant prey item within their specialized prey weight range (Holekamp 
1997, Cooper et al. 1999, Hayward 2006); although they are better known to scavenge 
other large carnivore’s kills (Kruuk 1972, Henschel & Skinner 1990, Höner et al. 2002, 
Trinkel & Kastberger 2005, Hayward 2006).  
Hyaenas are long-lived carnivores that reside in permanent social groups called 
clans of 5-90 members (Skinner & Chimimba 2005, Smith et al. 2008). Clan members 
recognize each other by sight, scent, and vocalization (Kruuk 1972). Clans are complex, 
fission-fusion societies in which individual members travel, rest and forage in subgroups 
that frequently change composition (Watts & Holekamp 2008, Smith et al. 2008). Their 
flexibility within their social structures strengthens their ability to thrive on the African 
continent.  
Hyaenas are largely nocturnal and rely heavily on chemical and vocal 
communication to communicate with other clan members. They rely on this type of 
communication, as often they are found foraging alone (Skinner & Chimimba 2005, Smith et 
al. 2008). Their well-adapted carnassial teeth enable them to cut and tear through the 
toughest hide (Skinner & Chimimba 2005). The principle food item of hyaena depends 
largely on what is available and therefore varies between different localities (Skinner & 
Chimimba 2005).  
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1.6 Rationale, Objectives and Research Approach 
Understanding large carnivore diets aids in the understanding of the mechanism of 
co-existence of these species, and observed shifts in diet may be the basis for predicting 
and understanding shifting diet trends in carnivores. Understanding the diet is important for 
understanding the impact on prey populations in general, the impact of predation when 
space is limited in an enclosed (electrically fenced) reserve surrounded by other game 
reserves and farm lands. By understanding how management efforts such as the re-
introduction of large carnivores in small reserves impacts on prey species. Understanding 
the diet niche separation between lions and hyaena is also important for management 
efforts, such as removal or re-introduction of carnivores. The re-introduction of lions and 
hyaena into the AENP Main Camp in 2003/2004 provides the opportunity to investigate the 
diet trends and diet overlap of these two carnivores. The availability of the preferred prey 
species should change as they respond numerically and behaviourally to the re-introduced 
large carnivores (both lions and hyaena), through predation. Secondly, given the larger 
body size and competitive strengths of lions, hyaena prospects to prey on the larger prey 
species should shift, as lions dominate such opportunities. Lastly, by determining the lions 
and hyaena diet over time, we are able to explore the drivers of diet overlap between these 
two species. Therefore this project sets out to address the following objectives:  
1. To determine lion and hyaena diet and prey preferences over a seven year period to 
see if trends in the diet are detectable in the AENP, Main Camp is the objective of 
Chapters 3 & 4. 
2. To determine if the diet of hyaena shifts relative to the lion diet over time is the 
objective of Chapter 4. 
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The research approach was to analyse scat and hence the diet of the two large 
carnivores since their re-introduction into AENP Main Camp. Together with prey availability 
and prey preference analysis the drivers of diet trends of both carnivore species will be 
explored. For this study, sampling periods were used between the years 2003 – 2010. 
Some data was part of previous studies at Nelson Mandela Metropolitan University 
(Ravensborg 2004, Franklin 2005, Wentworth 2009). The raw data from these studies were 
used to analyse the possible trends and relationships in the carnivore diet over time. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
19 
 
CHAPTER TWO  
LARGE CARNIVORE RE-INTRODUCTION AND GENERAL DESCRIPTION OF 
THE STUDY SITE 
2.1 Re-introduction of Large Carnivores 
Re-introduction and translocation is the intentional release of animals into their 
natural habitat to establish, re-establish or augment a population (Griffith et al. 1989). Re-
introductions are useful tools for conservation management and are seen as successful if 
the founder population becomes self-sustaining (Griffith et al. 1989).   
Large carnivores are frequent subjects for re-introduction projects (Hunter et al. 
2007). Their ecological requirements and potential for conflict with humans mean they are 
among the first species to disappear from areas affected by human activity (Hunter et al. 
2007, Skead 2007). In South Africa, the expansion of the conservation estate has seen 
large carnivores re-introduced to restore ecological integrity, conserve threatened species 
and/or to increase ecotourism (Berger 2007, Hayward et al. 2007a).   
The re-introductions of lion and hyaena into the AENP Main Camp were aimed to 
restore ecological integrity that would arise with an intact fauna (Hayward et al. 2007a). 
Furthermore, carnivores such as lion and hyaena perform a valuable management service 
by reducing the number of herbivores that were previously culled, and lastly, to actively 
conserve vulnerable or conservation-dependent species (Hayward et al. 2007a). Lions and 
hyaenas, in the latter context, are categorized globally as vulnerable and of least concern, 
respectively by the IUCN Red List (IUCN 2011). 
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2.1.1 Lion and Hyaena Population History in the Addo Elephant National Park 
Historical records show that lions and hyaena (less well documented) were common 
throughout the Eastern Cape, South Africa (Skead 2007). Lions were extirpated from the 
western half of the Eastern Cape by the 1850’s, but survived in the eastern region until the 
1870’s (Skead 2007). Hyaena were thought to have gone extinct in the Eastern Cape at a 
similar time, as reasons for both carnivores disappearance from the region are most likely 
related to human persecution (Skead 2007). 
Recently there has been a shift in land use to wildlife-based ventures in the Eastern 
Cape. This has led to numerous wildlife re-introductions, including re-introductions of large 
carnivores (Hayward et al. 2007a). In the AENP Main Camp lions and hyaena were 
successfully re-introduced in 2003 (see section 2.2.1 for description) after an absence for 
over 100 years (Hayward et al. 2007a).  
In November 2003 six unrelated lions (4 males; 2 females) from the Kgalagadi 
Transfrontier Park were re-introduced into the Main Camp (Hayward et al. 2006, Hayward et 
al. 2007b). Each lion was captured from a different pride to diversify the genetic base from 
which the founder population was established (Hayward et al. 2007a). The sex ratio of the 
founder population was selected to favour males in order to slow the potential population 
increase by promoting infanticide by competing male coalitions (Hayward et al. 2007b).  
Several lions have been removed from the park since their re-introduction to reduce 
the impact on the ungulate population and in an attempt to mimic natural population 
dynamics. The lion population peaked at 16 in 2009 (Fig. 2.1) with 3 and 5 lions removed in 
2008 and 2010, respectively (South African National Parks [SANParks], Unpublished Data). 
In 2004 the sex ratio was 1:4 (females: males) which subsequently increased to 1:2 by 2007 
(SANParks, Unpublished Data). The male to female ratio has since almost levelled out to an 
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average of 1:1 during 2008 – 2010 (SANParks, Unpublished Data) (See Appendix 2, Table 
A2.1). Adults have dominated the population since their re-introduction, and in association 
with the removals, have resulted in a slow population growth rate (Fig. 2.1). For the majority 
of the time since their reintroduction, the lion density in the Main Camp Section has 
remained around 0.2 lions/km
2
. This conforms to the estimated ecological carrying capacity 
as predicted using the equation from Hayward et al. (2007b). The 2010 density stood at 
0.07 lions/ km
2 
(SANParks, Unpublished Data).  
Four hyaena (2 males; 2 females) were re-introduced in 2003 from Madikwe Game 
Reserve, North West Province, an additional four hyaena were re-introduced in 2004 from 
Shingwedzi, KNP (Hayward & Hayward 2007). Initially, the hyaena were collared and 
tracked (through VHF tracking), however observations were rather opportunistic. Most 
estimates of hyaena numbers have been recently based on photographs obtained from 
rangers, guides, researchers and tourists that encounter hyaena in the AENP Main Camp. 
In early 2008, four hyaena (including the dominant female) were removed (Fig. 2.1) and this 
may have affected juvenile survival (C.J. Tambling, Unpublished Data). In 2008, prior to the 
hyaena removal, the estimated number of hyaena (16) in the Main Camp was the highest 
for the sampling periods (Fig. 2.1) (Centre for African Conservation Ecology [ACE], 
Unpublished Data). 
The sex ratio data for hyaena can only be accounted for the known collared and 
monitored adults from 2004 – 2006. Sexual dimorphism makes it difficult to distinguish 
between male and female hyaena. Between 2004 and 2006, the average sex ratio 
remained 1:2 females to males (ACE, Unpublished Data). The estimated carrying capacity 
of hyaena in an enclosed reserve is 0.4 hyaena/km
2 
(Hayward et al. 2007). Since 2005 to 
2010 the average density is around 0.1 hyaena/km
2
 (ACE, Unpublished Data). 
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Fig. 2.1 Population sizes of the re-introduced lion and hyaena since 2003 in the Addo Elephant National 
Park Main Camp (recorded each year in March) (Sourced from SANParks and ACE, Unpublished Data). 
 
2.1.2 Sampling Periods 
For this study, both carnivore diets were estimated from four sampling periods 
between 2003 and 2010 (Table 2.1). Some data was previously used in studies done at the 
Nelson Mandela Metropolitan University (Ravensborg 2004, Franklin 2005, Wentworth 
2009). I obtained the raw data from these studies and conducted separate data analysis.  
 
Table 2.1 Sample periods and the number of samples collected for each carnivore in the Addo Elephant 
National Park Main Camp, as well as the dates when the samples were collected. Sampling for lion 
samples were not collected in the second sampling period or hyaena in the first sampling period. 
Sample 
Period 
Date 
Hyaena 
No. of 
Samples 
Lion No. 
of 
Samples 
Reference 
SP1 December 2003 - June 2004 - 51 Ravensborg 2004 
SP2 January 2004 - September 2005 33 - Franklin 2005 
SP3 October 2007 - September 2008 89 68 Wentworth 2009 
SP4 October 2008 - April 2010 73 98 - 
23 
 
2.1.3 Prey Aerial Census Data and Biomass Availability 2003 – 2010 
Using the list of potential prey items from Hayward & Kerley (2005) and Hayward 
(2006) for both carnivores, and limiting it to the species only found within the AENP Main 
Camp, a new list of potential prey items was determined for both lion and hyaena in the 
AENP Main Camp (Appendix 1, Table A1.2).  
Prey availability was estimated for each sample period using aerial census data from 
AENP Main Camp (SANParks, Unpublished Data). Census data for the potential prey items 
were averaged for each sample period when sample periods covered more than a single 
census (Appendix 3, Table A3.1).  Information gathered from aerial sightings and counts are 
biased towards larger prey species and thus the smaller cryptic prey species may be 
underestimated (Redfern et al. 2002, Marker et al. 2003, Radloff & du Toit 2004, Hayward & 
Kerley 2005, Hopcraft et al. 2005, Funston & Mills 2006, Hayward 2006, Karanth & Sunquist 
2007, Rapson & Bernard 2007, Owen-Smith & Mills 2008b). Correction factors were used to 
correct prey availability estimates (See Appendix S2 of Owen-Smith & Mills 2008a) 
(Appendix 3 Table A3.1). Depending on body size, coat colour and habitat, these values 
were further extended to other species with similar characteristics. With these corrections to 
the census availability, the availability data was also used to calculate the available biomass 
of prey items found within the AENP Main Camp for each sample period (Appendix 5, Table 
A5.1-3). Prey items steenbok (Raphicerus campestris), bushpig (Potamochoerus larvatus), 
and porcupine (Hystrix africaeaustralis) were removed from analysis as bushpig and 
porcupine are both nocturnal species, rendering their census counts null. Steenbok is highly 
cryptic and scarce in AENP Main Camp with little information, in terms of census counts, 
exists for them in the AENP Main Camp. Therefore these species were omitted from 
analysis. 
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2.2 Addo Elephant National Park Main Camp Section Study Site 
2.2.1 Site Description, Topography and Geology 
The study was conducted in the AENP Main Camp. The Greater AENP (3330’S, 
2545’E) is 80 km north of Port Elizabeth, on the south east coast of Eastern Cape, South 
Africa (Fig. 2.2). The AENP is 160 km
2
,
 
and is managed as several separate, fenced 
sections, of which the Main Camp was 134 km
2 
at the time of this study (Fig. 2.3). 
The topography of the Main Camp is characterized by a series of valleys and gently 
undulating ridges, and ranges from 60 to 350 m above sea level (Hayward et al. 2009) with 
the Zuurkop limestone plateau dominating the centre of the Main Camp (Barratt & Hall-
Martin 1991). The dominant substrates on which the Main Camp lies are sandstone and 
mudstone from the Uitenhage Series, which is covered by a layer of red/ brown granular 
clay loam soil rich in humus (Archibald 1955). The soils formed are neutral, fine-grained and 
relatively fertile (Hoffman 1989). The Zuurkop plateau is covered by grey calcrete and red/ 
brown aeolian sands (Toerien 1972, Barratt & Hall-Martin 1991). A number of small, natural 
pans and waterholes are scattered throughout AENP Main Camp, however these only hold 
water for short periods after rain. Permanent water is supplied by means of several artificial 
water holes and two dams (which dry up during prolonged periods of no rain). 
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Fig. 2.2 A map showing the location of the Greater Addo Elephant National Park, within South Africa. The 
Addo Elephant National Park Main Camp is highlighted. 
 
2.2.2 Vegetation 
The AENP Main Camp is dominated by dense thicket vegetation (65%) (Mucina & 
Rutherford 2006) with areas of Cleared Agricultural Lands (Hayward et al. 2009) (Fig. 2.4). 
Coega Bonteveld, consisting of a mosaic of low thicket with open grassland, Albany Coastal 
Belt, dominated by short grassland with scattered bush clumps, and some Albany Alluvial 
Vegetation and Sundays Thicket is also present (Mucina & Rutherford 2006). Dominant 
shrubs and low trees include Azima tetracantha, Capparis sepiaria, Carissa haematocarpa, 
Gymnosporia spp., Rhus spp., Euclea undulata and Schotia afra, with a high incidence of 
Cynodon dactylon and Platythyra haeckeliana in the grassland areas (Landman et al. 
2007). 
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Fig. 2.3 A map of the 
Addo Elephant National Park, Main Camp depicting the five main vegetation types. See Fig. 2.2 for 
location (M. Landman, Unpublished Data). 
 
2.2.3 Climate 
The AENP Main Camp falls within the semi-arid region of South Africa (Landman et 
al. 2008), with 260-530 mm annual rainfall which occurs throughout the year (Fig. 2.4), 
peaking in the austral autumn (March - April) and spring (October – November) (Hayward et 
al. 2006, Landman et al. 2007). Mean monthly rainfall remained fairly consistent (~25mm, 
Fig. 2.5) throughout the four different sampling periods.  
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Fig. 2.4 Average monthly rainfall (mm) recorded in the Addo Elephant National Park, Main Camp for the 
period of 1959 – 2010 with standard error bars (Sourced from SANParks).  
 
 
 
Figure 2.5 Average monthly rainfall (+/- SE) during each sampling period (SP) (see Table 2.1) recorded 
in the Addo Elephant National Park, Main Camp. 
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CHAPTER THREE 
LION DIET TRENDS IN ADDO ELEPHANT NATIONAL PARK  
 
3.1 Introduction 
3.1.1 Lion Feeding Habits 
Carnivores exhibit two distinct preference categories of prey: preferred prey species 
and the preferred weight range of prey (Hayward et al. 2006). Preferred prey species are 
those preyed upon by carnivores significantly more frequently than expected based on the 
abundance of that prey species in the system (Hayward 2011). The preferred weight range 
is a range of prey body masses that a particular carnivore preys upon more frequently than 
expected (Radloff & du Toit 2004, Hayward & Kerley 2005, Hayward 2011). 
The diet of lions has been well studied across the vast majority of its range, and 
evidence suggests a varied and broad diet (Hayward & Kerley 2005). Lions typically prey on 
medium- to large-sized ungulates within a weight range of 190-550 kg, with 350kg being the 
most preferred weight (Mills & Biggs 1993, Hayward & Kerley 2005). Large-sized prey items 
such as buffalo (432kg; Appendix 5, Table A5.1) are preferred in savanna ecosystems (Mills 
et al. 1995; Funston et al. 1998), especially when male lions are present and/or where large 
prides occur (Scheel & Packer 1991, Funston et al. 2001). Larger prides are also known to 
hunt megaherbivores (>1000 kg) such as elephant (Loxodonta africana) (Bauer et al. 2006, 
Power & Chompion 2009) and black rhinoceros (Diceros bicornis) (Brain et al. 1999). Small-
sized ungulates (<50 kg) were preferred by female lions in Etosha National Park (Stander 
1991); however in northern Cameroon, medium-sized prey items were preferred (Funston et 
al. 2001, Bauer et al. 2008).  
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In Shamwari Private Game Reserve, South Africa, lions preferred ostrich (Struthio 
camelus), black wildebeest (Connochaetes gnu) and warthog (Phacochoerus africanus), 
and frequently killed the most common prey item, kudu (Rapson & Bernard 2007). In 
Kwandwe Game Reserve, South Africa lions preferred the most abundant prey items 
(Bisset 2007). In Karongwe Game Reserve, South Africa, lions preyed upon small- to 
medium-sized ungulates and consumed a core group of five ungulates which included blue 
wildebeest (Connochaetes taurinus), warthog, waterbuck (Kobus ellipsiprymnus), zebra 
(Equus quagga) and impala (Aepyceros melampus), of which 8.5% of the diet was impala, 
the other preferred species made up 41% of the lions’ diet; the remaining 59% coming from 
medium sized ungulates such as waterbuck and zebra (Lehmann et al. 2008). Based on the 
available data on lion diets and foraging behaviour, there is considerable variation in the 
diet between different populations of lions in different parts of Africa. The differing prey 
preferences of lions suggest that individual studies need to be done in order to define the 
diet of lions in a specific area and that their diet reflects local prey communities.  
Diet trends of lions are dependent on changing relative abundance of prey species, 
lion social structure, and prevailing climatic conditions (seasonal changes) which require 
data sets spanning long periods of time (>10 years) (Mills et al. 1995, Rapson & Bernard 
2007, Owen-Smith 2007, Lehmann et al. 2008, Owen-Smith & Mills 2008). In multi-prey 
species systems diet trends are poorly described over long periods of time (but see Mills et 
al. 1995, Owen-Smith & Mills 2008); largely because of the challenge of collecting sufficient 
kill data (Owen-Smith & Mills 2008). There is therefore a need for longer term diet studies of 
lions. 
In South Africa there has, in recent years, been a strong trend towards the 
development of small, enclosed reserves to manage the diversity of species especially for 
tourism (Lehmann et al. 2008, Hayward & Kerley 2009).  The re-introduction of lions into the 
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small enclosed reserve of AENP Main Camp and the availability of a series of lion diet 
samples over a period of seven years, along with prey availability allows for the 
investigation into lion diet trends in the AENP Main Camp. 
 
3.2 Hypothesis and Aims 
Using scat data collected during the three lion sample periods (see 3.3.1 for details), 
along with prey availability, I was able to test the following hypothesis: Lion diet is 
opportunistic and their diet is dependent on prey availability. From this hypothesis are two 
alternate outcomes namely; a random variation in diet over time, or a directional variation in 
diet over time.  A random variation in the diet results from no association between predation 
and prey availability. A directional change would result from a change in prey availability. 
Alternatively, the diet of the lions in AENP does not change over time and remained 
constant. 
My objectives for this chapter were to describe the lion diet and determine prey 
preference over time in the AENP Main Camp. By using the estimated diet I was able to 
investigate if any trends or shift in the diet has taken place. I was furthermore able to 
determine if these trends are dependent on prey availability during each sampling period. 
Lastly, I was able to examine the estimated diet and what affects this will have on 
ecosystem management decisions in the AENP Main Camp. 
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3.3 Materials and Methods 
3.3.1 Data and Scat Collection 
Faecal analysis was used to determine the diet of the lions between December 2003 
and April 2010 (see Table 2.1). Lion scats were collected during three sample periods.  
These included: Sample period 1 (SP1): December 2003 – June 2004 (Ravensborg 2004), 
sample period 3 (SP3): September 2007 – September 2008 (Wentworth 2009) and sample 
period 4 (SP4): October 2008 – April 2010 (Table 2.1) (Sample Period 2 was hyaena 
samples only, no lion samples were collected during this period). 
Scats were opportunistically collected while traversing all roads within the Main 
Camp of the reserve. Collections were done using a standard method during each sample 
period. Scats were collected in paper bags and sealed in the field. Data collected with each 
sample included: date, time, GPS position, and any other information such as proximity of 
carnivore or carcass. Lion scats tend to be strong-smelling, and large, which may turn white 
in a few days if there is a high content of calcium (bone consumption) (Skinner & Chimimba 
2005). Hairs are passed without other matter being present, as well as a fair amount of 
grass (Walker 2007).  
 
3.3.2 Laboratory Treatment of Scats 
Scats were individually soaked in 5% formalin for 3 – 7 days to soften and disinfect 
the sample (Ravensborg 2004, Franklin 2005). Each scat sample was manually broken up 
and washed through a sieve. The remaining material was removed and dried. Scat material 
was suspended in water in a shallow 40x60 cm tray which was divided into squares of 8x8 
cm. Hairs (no less than six) were randomly selected from each sample for analysis. 
Selected hairs were dried, then washed in a mixture of 95% alcohol and diethyl ether 
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(50:50) for 5 minutes, and then removed and cleaned in distilled water then dried (Keogh 
1983). 
Hair cuticular scale imprints were used to identify prey items in all the scat samples. 
Hair cuticular scale imprints were prepared by mounting hairs onto a microscope slide using 
clear nail varnish (main ingredients include: ethyl acetate, butyl acetate, and nitrocellulose) 
(Keogh 1983). Nail varnish was applied to microscope slides and the prepared hairs were 
positioned on the slide using forceps. Once the varnish had dried, the hairs were carefully 
removed, leaving a negative imprint from which hair scale patterns could be identified. The 
length and colour of each hair was recorded to aid identification of prey (Keogh 1983). 
Cross-Sections of hair samples from scat, prepared according to Douglas (1989), 
were used for SP3 and SP4. This method was used in association with Keogh’s (1983) 
method to improve identifications. Cleaned hairs were placed lengthways in tubing (~ 5 mm 
diameter), and then the tubes were dipped into paraplast (wax used as an imbedding 
medium). Once the wax dried, the tubing was cut with a scalpel into cross sections (~ 1-2 
mm thick). The resulting cross sections were glued in sequence onto a microscope slide for 
further examination (Douglas 1989).  
Hair imprints and cross sections were analysed using a transmitted-light microscope, 
at a magnification of x100 and x200 or x400 (Keogh 1983, Douglas 1989). Microscope 
slides were examined against a hair reference collection which is housed at the Centre for 
African Conservation Ecology, NMMU. Published dichotomous keys and photographs 
(Perrin & Campbell 1980, Keogh 1983, Buys & Keogh 1985) were used to assist in the 
identification of prey species.  The remains of prey items such as quills and hooves found in 
the scats provided corroborative evidence for the identification of several samples (Walker 
2007). No attempt was made to convert the frequency of occurrence into number of 
individuals consumed (Breuer 2005), as the main objective was to identify and describe 
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trends in the diet. Plant remains were found in the faeces, but were not included in the 
analysis (Breuer 2005). 
 
3.3.3 Statistical Analysis of Data 
3.3.3.1 Diet Sampling 
 I used EstiMateS Ver. 7.5 (Colwell 2005) to assess the sampling efficiency of scat 
analysis by producing accumulation curves of species found in each sampling period as a 
function of the number of scats collected. An estimation of the expected number of species 
items in the diet (nonparametric incidence-based coverage estimator - ICE) is given to 
determine the species richness of the carnivore diets (Foggo et al. 2003). The asymptote of 
the curve determined if enough scats were sampled to adequately represent the diet 
(Colwell 2005, Landman et al. 2008) of the lions in the Main Camp over the three study 
periods. In addition to conducting a species accumulation curve using all the available prey 
items found in the Main Camp for all sample periods (see Appendix 1 Table A1.2), I further 
conducted the species accumulation curves using only prey species which were found in 
the scats. 
 
3.3.3.2 Relative Frequency of Occurrence: Diet Description 
 Carnivore diets can be expressed as either the percent occurrence (PO) or relative 
percentage occurrence (RPO) of each prey species. The PO is a measure of prey intake 
and composition of prey; it is described as the percent of each prey species in the scat 
sample collected (Loveridge & Macdonald 2003, Andheria et al. 2007). Each prey species 
RPO is defined as the number of times a species was encountered in a sample of scats; 
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expressed as a percentage of total occurrences of all potential prey. This is a measure of 
the relative importance of a specific prey item in the diet (Loveridge & Macdonald 2003). 
A chi-square analysis between the PO and RPO was done to test whether the 
percent of the diet representation of all species does not actually change regardless of 
which measure is used (
2
 < 4.6 for all, p < 0.05 for all).  Data are presented in the form of 
RPO, as the importance of species in the diet is more important than simply the composition 
of the diet. I constructed 95% confidence limits around the means for the estimated relative 
percent occurrence values by using 1000 bootstrap simulations (see Reynolds & Aebischer 
1991, Andheria et al. 2007).  
 
3.3.3.3 Diet Niche Breadth and Prey Preference 
 Niche breadth or diet diversity was calculated using the reciprocal formula for 
Simpson Index (B) (Krebs 1972):  
  
where B is the diet diversity or niche breadth of predator p, and pi is the relative frequency 
of ingested food item i in the diet of predator p (Loveridge & Macdonald 2003, Hayward & 
Kerley 2008). The total prey availability was calculated by combining the number of prey 
items found in the AENP Main Camp (aerial census data SANParks, Unpublished Data) for 
each sampling period. Niche breadth and total prey availability were plotted on the same 
graph to determine if the total prey availability had a positive or negative relationship with 
the niche breadth. 
Using corrected aerial census data (SANParks, Unpublished Data), I used a Jacobs’ 
Index (Jacobs 1974) to calculate the prey preference of lions in the Main Camp for each 
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sample period, comparing potential available prey (Appendix 3, Table A3.1) and estimated 
RPO of the diets. The Jacobs’ index allows the assessment of prey selection when different 
relative abundances of prey items are compared (Jacob 1974). Jacobs’ Index (D) was 
calculated as 
 
where r is the proportion of the total kills made by lions and p is the proportional availability 
of that prey species in the AENP (Appendix 3, Table A3.1) (Jacobs 1974). The resulting 
value ranges from +1 to -1 with zero indicating no selection, where +1 indicates maximum 
preference and -1 maximum avoidance (Jacobs 1974). I plotted Jacobs’ Index against 
logged abundance values to better visually represent the data. A Log-likelihood ratio test 
(G-test) was used to investigate if prey species were being consumed in the same 
proportion as they were available.  The G-test was used since more than 20% of the prey 
species had a frequency of less than 5 and this test is able to handle lower frequencies of 
occurrence (Ihaka & Gentleman 1993, Zar 2009). 
Mean monthly rainfall in the AENP Main Camp remained fairly consistent during all 
sampling periods; as a result, no effort was made to test changes in prey preference 
between the sampling periods in relation to rainfall (see Chapter 2, Fig. 2.6) 
 
3.3.3.4 Biomass Consumption 
Using corrected aerial census data (Appendix 3, Table A3.1) and the body mass 
(mean body mass of adult female prey items, Appendix 5, Table A5.1) of each potential prey 
item in AENP, the available biomass during each sampling period was determined. For 
biomass of each prey species consumed, an analysis using RPO, and 95% CI to describe 
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biomass consumption as well as estimating biomass prey preference were calculated as 
described above in 3.3.3.2 and 3.3.3.3. 
 
3.4 Results 
I analysed a total of 217 lion scats were analysed for this study, with 51, 68, and 98 
scats collected during SP1, SP3 and SP4, respectively (Table 3.1). Although most scats 
contained a single prey type, more than one prey item was found in some samples, 
resulting in the number of prey items per scat varying between 1.02 and 1.22 items per scat 
for lions (Table 3.1).  
 
Table 3.1 The sample size during each sample periods and the number of prey species per scat (No. of 
Prey/ Scat) found in each scat sample during each sample period and the species richness values 
(nonparametric incidence-based coverage estimator - ICE) and the number of prey items found in the diet 
(No. Species in Diet) during each lion sampling period in Addo Elephant National Park, Main Camp. 
Sample 
Period 
Sample 
Size 
No. of 
Prey/ 
Scat 
Species Richness 
(ICE) 
No. 
Species 
in Diet 
SP1 51 1.02 10.4 9 
SP3 68 1.22 9.1 8 
SP4 98 1.05 10.2 9 
 
3.4.1 Diet Sampling 
The species accumulation curves reached a fairly consistent asymptote (Fig. 3.1). 
When only consumed prey items were used to construct accumulation curves (rather than 
including all potential prey items), similar curves were observed and a reduction of the error 
bars. Values for ICE during all sample periods were slightly higher (approximately one prey 
species) than the number of species found in the diet during the study periods (Table 3.1), 
ranging between 8 and 11 species consumed during each sampling period. 
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3.4.2 Diet Description 
The most common prey item consumed during SP1 was kudu (29.2%) and the 
dominant prey species consumed during SP3 and SP4 was buffalo (31.3% and 32.0%, 
respectively) (Table 3.2). Grey duiker and bushbuck were common prey items in SP1 (both 
16.7%) and SP4 (both 15.5%), as was red hartebeest in SP3 (19.3%) (Table 3.2). The most 
abundant prey item (view Appendix 3, Table A3.1) during SP1 was kudu, and warthog 
during SP3 and SP4. During SP3 and SP4 warthog accounted for more than 10% of the 
diet (SP3 = 16.9, SP4 = 14.6; Table 3.2). The majority of the diet over time consisted of a 
core group of five prey species. These included: buffalo, bushbuck, grey duiker, kudu, and 
warthog. They contributed to more than 80% of lion diet, while the remaining three species 
contributed only 20% of the diet. 
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Fig. 3.1 Sampling efficiency curves of lion prey items recorded, during Sample Periods 1 (a), 3 (b) & 4 (c) 
derived using EstimateS (Colwell 2005) in the Addo Elephant National Park, Main Camp.  
 
 
3.4.3 Diet Niche Breadth and Prey Preference 
The diet breadth (B) for lions declined across the sampling periods (6.2 – 5.2) (Fig. 
3.2). There appears to be no relationship between niche breadth and prey availability 
throughout all sample periods (Fig. 3.2). 
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Fig. 3.2 Niche breadth (B) measure for relative frequency of occurrence. The total prey availability found 
in Addo Elephant National Park, Main Camp is represented by a triangle. 
 
Lions prey consumption differed significantly from what was available for all sampling 
periods (SP1 G = 27.9, df = 9, P < 0.001; SP3 G = 151.6, df = 9, P < 0.05; SP4 G = 206.3, 
df = 9, P < 0.05) (Fig. 3.3).  
Grey duiker and bushbuck were preferred prey items during all sample periods (Fig. 
3.3). Zebra was preferred during SP1 and SP3, whereas during SP4 zebra was avoided, 
although across all periods consumption of zebra remained low. Buffalo was preferred in 
SP3 and SP4; but avoided during SP1 (Fig. 3.3). Warthog, kudu, and ostrich were all 
avoided prey items across all three sample periods (Fig. 3.3). Kudu and warthog were 
avoided prey items; they are both the most available prey items in the Main Camp 
(Appendix 3, Table A3.1, Table 3.3 and Fig 3.3).  
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Fig. 3.3 Lions prey preferences in the Addo Elephant National Park, Main Camp using Jacobs’ index (D), 
based only on relative % occurrence. The values are in decreasing order of preference. Values where D > 
0 indicate preference and D < 0 indicates avoidance. Black columns represent SP 1, dark grey SP 3 and 
lighter grey SP 4. Log10 availability of prey items found in the diet for sample period SP 1 (cross), SP 3 
(star), and SP 4 (circle) is also represented. 
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Table 3.2 Number of prey items (No.) and proportion of different prey species in the lions diet (relative percentage occurrence - RPO) during each 
sample period as derived from scat data from Addo Elephant National Park Main Camp, as well as 95% confidence intervals (95% CI) from 1000 
bootstraps with the mean percent of each species in the diet (Mean %).  
 
 
Sample Period 1 Sample Period 3 Sample Period 4 
 
No. RPO 
Mean 
% 
95% CI No. RPO 
Mean 
% 
95% CI No. RPO 
Mean 
% 
95% CI 
Buffalo 2 4.2 3.38 2.1-9.1 26 31.3 37.2 25.7-48.6 33 32.0 33.8 27.6-46.9 
Bushbuck 8 16.7 11.0 3.4-20.0 11 13.3 15.9 7.1-25.71 16 15.5 16.3 7.1-20.4 
Eland  7 14.6 13.4 3.6-21.8 1 1.2 1.4 0.0-4.29 3 2.9 3.1 0.0-7.1 
Grey Duiker  8 16.7 15.1 13.4-20.0 7 8.4 11.3 4.3-18.5 16 15.5 16.5 9.2-24.5 
Kudu  14 29.2 23.4 12.7-34.6 4 4.8 5.9 1.4-12.9 12 11.7 12.3 6.1-18.4 
Ostrich 1 2.1 3.5 0.0-9.1 0 0 0.0 0.0-0.0 1 1.0 1.1 0.0-3.1 
Red Hartebeest  3 6.3 3.7 0.0-9.1 16 19.3 22.7 12.6-31.4 5 4.9 5.0 
 
1.0-10.2 
Warthog 3 6.3 12.9 5.5-21.9 14 16.9 20.1 11.3-30.0 15 14.6 15.1 8.2-22.5 
Zebra 2 4.2 3.8 0.0-8.0 3 3.6 4.2 0.0-10.0 1 1.0 1.1 0.0-3.1 
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3.4.4 Biomass 
3.4.4.1 Diet Description and Preference 
Eland (42.0%) and kudu (23.1%) were consumed the most by lions during SP1 
(Table 3.3). Conversely during SP3 and SP4 buffalo (76.9% and 65.1% respectively) was 
the primary food resource for lions. Red hartebeest (7.7%) and kudu (6.2) were common 
food resource during SP3 and SP4, contributing to less than 10% of the total biomass 
intake during these sample periods (Table 3.3). Kudu, a main biomass resource in SP1, 
decreased in consumption over time by more than a third (23.1% - 6.2%) (Table 3.4). Both 
kudu and buffalo had high biomass availabilities during throughout, however during SP1 
buffalo was not preferred relative to their biomass availability, and kudu during SP3 and 4 
(Fig. 3.4). Large-sized ungulates (>550 kg) such as buffalo on average provided almost 
50% of the diet biomass over time (Table 3.3), whereas zebra, a medium-sized ungulate, 
biomass consumption decreased to less than 1% over time (Table 3.3). Buffalo and kudu 
were main biomass contributors to the diet of lions over time, with buffalo being the 
dominant biomass contributor. All the other eight consumed prey items provided less than 
5% of the biomass intake of the lion over time (Table 3.3).  
Lions biomass consumption differed significantly from what was available for all 
sampling periods (SP1: G = 5122.3, df = 9, P < 0.05; SP3: G = 22957.8, df = 9, P < 0.05; 
SP4: G = 40380.6, df = 9, P < 0.05). Bushbuck, eland, grey duiker and red hartebeest were 
preferred prey items relative to their biomass availability (Fig. 3.4). 
Grey duiker (SP1 = 12.2%, SP3 = 1.8%, SP4 = 1.3%), zebra (SP1 = 2%, SP3 = 
2.4%, SP4 = 3.7%) and bushbuck (SP1 = 1.5%, SP3 = 0.6%, SP4 = 0.5%) were low in 
available biomass during all sampling periods. Warthog increased its biomass availability 
during SP3 and SP4 (Fig. 3.4). Kudu provided the greatest biomass availability, however it 
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was avoided over other medium-sized ungulates such as red hartebeest and eland which 
both had lower biomass availabilities (Fig. 3.4). These data show that the relative 
importance of different prey types varied substantially when the different measures of prey 
intake occurrence, relative biomass consumption and biomass consumption relative to 
availability were used for comparisons.  
 
 
 
 
Fig. 3.4 Lions biomass preferences in the Addo Elephant National Park, Main Camp based on species 
which were found in the diet using Jacobs’ index (D), based only on biomass relative % occurrence. The  
biomass values are in decreasing order of preference. Values where D > 0 indicate preference and D < 0 
indicates avoidance. Black columns represent SP 1, dark grey SP 3, and light grey SP 4. Log10 
availability of prey items found in the diet for each sample period SP 1 (triangle), SP 3 (star), and SP 4 
(circle) is also represented. 
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Table 3.3 Biomass (kg) of prey items (No.) and proportion of different prey species in the lions diet (relative % occurrence) during each sample 
period as derived from scat data from Addo Elephant National Park, Main Camp, as well as 95% confidence intervals (95% CI) from 1000 
bootstraps with the percentage dietary biomass consumed by the lion in each sampling period. 
 
Sample Period 1 Sample Period 3 Sample Period 4 
 
Biomass 
Consumed 
RPO 
Mean 
% 
95% CI 
Biomass 
Consumed 
RPO 
Mean 
% 
95% CI 
Biomass 
Consumed 
RPO 
Mean 
% 
95% CI 
Buffalo  864 15.0 14.2 0.0-34.2 11232 76.9 67.8 58.6 - 82.9 14256 77.5 65.1 63.2 - 81.6 
Bushbuck 184 3.2 3.0 1.1-5.9 253 1.7 1.5 0.0 - 8.6 368 2.0 1.3 0.0 - 6.6 
Eland 2415 42.0 31.2 20.8-61.0 345 2.4 0.1 00.0 - 1517.1 1035 5.6 4.3 0.0 - 7.8 
Grey Duiker 128 2.2 3.4 0.8-4.4 112 0.8 6.6 0.0 - 19.0 256 1.4 1.3 0.4 - 6.4 
Kudu 1330 23.1 21.9 12.1-39.3 380 2.6 2.3 1.9 - 5.9 1140 6.2 4.8 4.4 - 8.3 
Ostrich 135 2.3 2.2 0.0-8.0 0 0.0 0.0 0.0 - 0.0 135 0.7 0.6 0.0 - 1.0 
Red 
Hartebeest 
210 3.7 3.5 0.0-8.8 1120 7.7 6.8 1.4 - 12.4 350 1.9 1.5 0.3 - 5.6 
Warthog 135 2.3 2.2 0.0-5.9 630 4.3 3.8 2.1 - 8.4 675 3.7 3.8 2.2 - 6.9 
Zebra 350 6.1 5.8 0.0-15.2 525 3.6 3.2 0.0 - 5.0 175 1.0 0.7 0.0 - 1.6 
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3.5 Discussion  
 Lions in AENP Main Camp, as with other documented lion populations, have a 
catholic taste (Hayward & Kerley 2005). Notably, all species which were consumed were 
taken in different proportions over the sampling periods, showing a varied, but core prey 
selection (bushbuck, grey duiker, buffalo, kudu and warthog). The core prey base suggests 
a degree of diet specialization in AENP Main Camp lions. There were a total of twelve 
potential prey items (Appendix 3, Table A3.1), of which nine were consumed, but only five 
contributed to the core diet. This is similar to other lion diet studies where the consumption 
of a core group of prey items was observed in thicket habitats surrounding AENP (Bisset 
2007, Rapson & Bernard 2007, Lehmann et al. 2008), in a documented meta-analysis of 
lion diets (Hayward & Kerley 2005), and in other lion populations in Africa (Mills et al. 1995, 
Funston et al. 1998, Funston et al. 2001, Bauer et al. 2008).  
A total of 30 lion scat samples were enough to represent lion diets in each sampling 
period. Breuer (2005) recommended at least 70 samples to determine lion diet choice. 
Trites & Joy (2005) recommended 94 samples were required to determine the diet when 
comparing diets over time. However, the maximum number of prey items consumed by 
lions in AENP Main Camp was nine, whereas in the studies conducted by Breuer (2005) 
and Trites & Joy (2005), a total of fourteen and thirty-one prey items were consumed, 
respectively. Therefore the required number of scat samples needed to adequately 
represent the diet is influenced by the number of prey items consumed by the carnivore in 
each study, as well as the community composition.  
Lions in the AENP Main Camp fed on small- to large-sized ungulates over time, such 
as grey duiker (16 kg) and buffalo (432 kg), however small-sized ungulates are outside of 
the predicted prey weight range. Documented prey weight range for lions is 190 – 550kg, 
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and generally carnivores are inefficient at catching prey outside their preferred size range 
(Mills et al. 1995, Hayward & Kerley 2005). Species under 20kg in mass contributed little to 
the prey base for lions in AENP Main Camp; however grey duiker was preferred in SP4. 
These results were similar in Etosha where small-sized prey items were consumed by 
female lions (Stander 1991). In savannas systems, similarly large-sized ungulates, such as 
buffalo were consumed (Mills et al. 2005, Funston et al. 2001), and medium-sized prey 
items were consumed in northern Cameroon (Bauer et al. 2008) and Karongwe (Lehmann 
et al. 2008). However, no lion diet studies observed had a preferred prey weight range 
including small- to large-sized ungulates. Notably, small-sized ungulates consumed could 
result from female lion kills, as male lions are better at killing larger prey (Funston et al. 
1998, Stander 1991). Therefore this may result in a wider prey weight range which includes 
small- to large-sized ungulates. Lions in AENP Main Camp did not consume 
megaherbivores, such as elephant (Bauer et al. 2008, Power & Chompion 2009) and black 
rhinoceros (Brian et al. 1999); they were not consumed throughout the study. Lion’s 
avoidance of megaherbivores results from the large body size of megaherbivores and the 
small pride sizes of the lion population in AENP Main Camp (SANParks, Unpublished Data). 
Furthermore there is no need for the lions to prey upon these risky prey items, as there is a 
high availability of other prey items in AENP Main Camp, which lions can successfully hunt 
and kill at a lower cost. 
Kudu and warthog were the most abundant prey items during this study. Although 
they were consumed prey items by lions, they were not preferred relative to their 
abundance. Similarly, continuous observations of lions between 2003 - 2005 in the AENP 
Main Camp (Hayward 2011) revealed that buffalo (11.5% of successful hunts) were the 
most consumed prey species, while kudu (10.5%) and warthog (16.1%) were high in 
encounter rates but not preferred prey in the observed diet (Hayward et al. 2011). Differing 
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results in other lion diet studies showed that warthog (45 kg) and kudu (95 kg) were 
preferred in accordance to their availability, although they are below the documented 
preferred prey weight range (Bisset 2005, Hayward & Kerley 2005, Druce et al. 2007, 
Rapson & Bernard 2007). However, in other lion populations, prey abundance drove prey 
selection for the most abundant prey items (Mills et al. 1995, Rapson & Bernard 2007, 
Owen-Smith 2007, Lehmann et al. 2008, Owen-Smith & Mills 2008). The lack of preference 
for the most abundant prey items in AENP Main Camp results from the high prey encounter 
rate (Hayward et al. 2011), prey availability and biomass available to lions (the ratio of prey 
biomass to lions biomass density in AENP was high, ranging from 560:1 in SP1 to 307:1 in 
SP4). 
Despite the lack of preference for buffalo in SP1, they were preferred prey items 
during SP3 and SP4. However when consumption is based on biomass availability, no 
selection was exhibited during SP3 and SP4. Although buffalo were preferred according to 
their availability, their biomass availability had no influence on their selection by lions. This 
selection may reflect the preference for juvenile buffalo. Regardless of lions possible 
preference for juvenile buffalo, there has been a marked increase in buffalo consumption 
since the lion’s re-introduction in 2003. This increase could be owing to the returns in 
energy investment, which make the risk of hunting adult buffalo rewarding (Scheel & Packer 
1995). Furthermore, lions initially did not consume buffalo most probably because they were 
all unrelated lions and thus did not have a strong pride structure or skills necessary to 
successfully kills large prey items.  Large buffalo herds are easy to detect through their 
noise and smell (Scheel & Packer 1995, Hayward & Kerley 2005), however kills from buffalo 
herds have been shown to be low in AENP (Hayward et al. 2011). Therefore lions in AENP 
Main Camp could be avoiding herds and consuming solitary male buffalo instead. 
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Lion diets in the AENP Main Camp were fairly consistent over time, however buffalo 
consumption did differ. The avoidance and selection for certain prey items over time shows 
that lions in AENP are not opportunistic feeders, but rather they have a preferred prey base. 
An opportunistic diet would result from no one prey item preferred or avoided. Their 
selection and preference for prey items, such as bushbuck and grey duiker, highlight that 
lions did not prefer the most abundant prey species, as these prey items were low in 
availability throughout all sampling periods (Appendix 3, Table A3.1). Their diets were not 
associated with prey availability as lion predation differed significantly from what was 
available, and lions preferred prey items regardless of their availability. This suggests that 
lions in AENP Main Camp might have consumed prey items which they have either 
behaviourally adapted to hunting (i.e. smaller or solitary prey items) or what was most 
optimal in terms of prey weight (larger prey items).  
Through eliminating the census bias, by correctly estimating what is available to 
carnivores at a relevant scale (aerial censes are biased towards larger prey items), as well 
as calculating encounter rates (Funston et al. 1998) of cryptic species will give a better 
understanding as to why AENP lions prefer low availability and low biomass prey items. It is 
often finer scale landscape and habitat features that drive carnivores patterns (Hopcraft et 
al. 2005); thereby having a better understanding as to how lions utilise the landscape and 
habitat might give further insight to their diet preferences.  
Re-introduced lions in AENP Main Camp are likely to change the composition of the 
overall mammal community, such as potentially eliminating rare but preferred prey species 
in an enclosed reserve (Tambling 2005). As conservation areas are being reduced in size 
and available conservation areas decrease, understanding predator-prey interactions and 
how carnivores utilise prey in smaller habitats is important information for conservation 
management. 
 
 
49 
 
CHAPTER FOUR 
SPOTTED HYAENA DIET TRENDS IN ADDO ELEPHANT NATIONAL PARK 
AND DIET OVERLAP WITH LIONS 
 
4.1 Introduction 
4.1.1 Spotted Hyaena Feeding Habits 
Hyaena are recognised as both effective and opportunistic scavengers (Cooper et al. 
1999; Hayward 2006), and few species are free from the threat of hyaena predation 
(Hayward 2006). The diverse nature of their predation is in stark contrast to the selective 
predatory behaviour of the rest of Africa’s large carnivore guild (Hayward 2006). This 
adaptive feeding strategy allows hyaena to switch between scavenging and hunting as the 
opportunity arises (Henschel & Skinner 1990, Mills & Biggs 1993, Cooper et al. 1999, Höner 
et al. 2002). Hyaena scavenging events have been well documented, and in the 
Ngorongoro Crater 100% of lion kills were scavenged by hyaena (Höner et al. 2002), KNP 
hyaena obtained 50% of their diet from lion kills (Henschel & Skinner 1990), 30% of hyaena 
diet in the Serengeti (Kruuk 1972) and 27% of hyaena diet in Chobe, Botswana (Cooper 
1991), were obtained from lion kills. Consequently, information on hyaena prey preferences 
is largely lacking, as are the factors which influence prey selection by hyaena (Hayward 
2006). 
Despite their opportunistic and scavenging feeding behaviour, hyaena’s have a 
predicted preferred prey body mass range between 56-182 kg (Hayward 2006). Within this 
prey weight range, no species are considered to be significantly preferred, and this 
generalist predation pattern is suggested as the reason that hyaena are abundant and so 
successful in many environments (Hayward 2006). However hyaena prey preference for 
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certain prey species has been documented (Di Silvestre et al. 2000, Trinkel 2010, 
Wentworth et al. 2011). Hyaena selected buffalo (432 kg) in Nicokolo Koba National Park 
(NKNP), Senegal (Di Silvestre et al. 2000) and AENP (Wentworth et al. 2011) exceeding 
the body mass range of Hayward’s (2006) predicted preferred species. However, whether 
the selection was from scavenging events is unknown. Hyaena are known to respond 
quickly to seasonal fluctuations of prey abundance and obtain the majority of their food by 
hunting the most abundant prey species (Kruuk 1972, Holekamp et al. 1997, Cooper et al. 
1999). 
The diet niche of the hyaena is similar to that of lions, and the two carnivores have a 
59% overlap of actual prey species, and a 69% preferred prey species overlap (Hayward 
2006). Despite their diet overlap and hyaena scavenging behaviour, these carnivores are 
successful in their range and their diet niche. To avoid intense competition, lions and 
hyaena temporally and spatially partition their food resource (Hopcraft et al. 2005, Hayward 
& Hayward 2007, Hayward & Slotow 2009) and adapted their diet preference to exploit a 
wide range of species (Radloff & du Toit 2004). Furthermore, the larger body mass and 
group hunting strategy of lions and the predatory flexibility and scavenging of hyaena 
(Hayward & Kerley 2008) minimizes the effect of diet overlap, assuring survival and success 
in their habitats. Similarly, wolves and coyotes (Canis latrans) are known competitors who 
exhibit a diet overlap (coyotes scavenging off wolf kills). Their co-existence has been well 
documented throughout their range and these sympatric carnivores are able to co-exist, 
despite coyotes scavenging through either shifting their diets temporally (Atwood & Gese 
2010), or seasonally (Barnowe-Meyer et al. 2010), and scavenging off kills (Roth et al. 
2008, Merke et al. 2009, Atwood & Gese 2010).   
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Hyaena diets are thought to be opportunistic scavengers. Either hyaena are 
opportunistic hunters and their diet reflects availability of prey items, or they are specialized, 
showing specific prey preferences. Alternatively, hyaena and lions have a complete diet 
overlap as hyaena diet reflects that of lions (owing to scavenging), and shifts over time in 
accordance with lions, or the hyaena has shifted its diet to consume other prey items, to 
avoid niche overlap with lions. The re-introduction of hyaena and lions into the enclosed 
AENP Main Camp and the availability of a series of hyaena and lions scat samples allow for 
the above to be tested over time. 
 
4.2 Hypothesis and Aims 
Using scat data collected during the three hyaena sample periods; along with prey 
availability I tested the following hypothesis: Hyaena diet is opportunistic and their diet is 
dependent on prey availability. From this hypothesis are two alternate outcomes namely; a 
random variation in diet over time, or a directional variation in diet over time.  A random 
variation in the diet results from no association between predation and prey availability. A 
directional change would result from a change in prey availability. Alternatively, the diet of 
the hyaena in AENP did not change over time and remained constant. 
By using the estimated lion and hyaena diets, I was able to test for diet overlap 
between the two species over time. Either their diets are completely overlapping or their 
diets are partially overlapping. Lastly, I was be able to examine the estimated diet and what 
affects this will have on management decisions with regards to hyaena diets and their 
overlap with lions in the AENP Main Camp. 
 
 
 
52 
 
4.3 Materials and Methods 
4.3.1 Data and Scat Collection 
Faecal analysis was used to determine the diet of hyaena between January 2004 
and April 2010 (see Table 2.1). Scats were collected during three separate collection 
periods for hyaena (sample period 1 was lion samples only). These included: sample period 
2 (SP2): January 2004 – September 2005 (Franklin 2005), sample period 3 (SP3): 
September 2007 – September 2008 (Wentworth 2009), and sample period 4 (SP4): October 
2008 – April 2010 (Table 2.1).  
Hyaena scats were opportunistically collected while traversing all roads, as well from 
latrines located in the AENP Main Camp. All periods of collection were done using a 
standard method of collection. Samples during SP2 were collected and analysed for a 
previous study at Nelson Mandela Metropolitan University (Franklin 2005). Data collected 
with each sample included: date, time, GPS position, and any other information such as 
proximity of carnivore or carcass. Hyaena scats are identified by their green colour when 
fresh; which turns white with age owing to the mineral and bone content. Scats tend to be 
deposited in latrine areas, near dens and in open areas (Kruuk 1975, Walker 2007).  
Details on the treatment of the hyaena scat samples as well as the data analysis of 
the data collected for each hyaena sample period can be found in the previous Chapter 3; 
Materials and Methods section. 
 
4.3.2 Diet Overlap 
A variety of diet overlap indices are used in field measurements of ecological niche 
separation and diet overlap (Pianka 1973, Lawlor 1980). Diet overlap was calculated using 
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relative percentage occurrence of each prey item (Loveridge & Macdonald 2003). The 
intraguild diet overlap of the lions and hyaena was calculated using Pianka’s Index: 
  
where pi is the frequency of occurrence of prey item i in the diet of species j and k (Pianka, 
1973). Pianka’s index varies from 0 to 1, where 0 represents no overlap and 1 represents 
complete overlap (Pianka 1973, Lawlor 1980, Loveridge & Macdonald 2003). A G-test was 
used to test if there were any significant differences between the overall diet estimates of 
the two carnivores. 
 
4.4 Results 
I analysed a total of 195 hyaena scats for this study, with 33, 89 and 73 scats 
collected during SP2, SP3 and SP4, respectively. Although most scats contained a single 
prey type, more than one prey item was found in some samples, resulting in the number of 
prey items per scat varying between 1.00 and 1.11 items per scat for hyaena (Table 4.1). 
No ostrich (or any other bird species) or invertebrate material was observed in the scat 
samples. 
Table 4.1 The sample size during each sample periods and the number of prey species per scat (No. of 
Prey/ Scat) found in each scat sample during each sample period and the species richness values 
(nonparametric incidence-based coverage estimator - ICE) and the number of prey items found in the diet 
(No. Species in Diet) during each lion sampling period Addo Elephant National Park, Main Camp. 
Sample 
Period 
Sample 
Size 
No. of 
Prey/ 
Scat 
Species Richness 
(ICE) 
No. 
Species 
in Diet 
SP2 33 1 8.9 8 
SP3 89 1.11 7.8 7 
SP4 73 1.01 7.9 8 
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4.4.1 Diet Sampling 
The species accumulation curves reached a fairly consistent asymptote (Fig. 4.1). 
When only consumed prey items were used to construct accumulation curves (rather than 
including all potential prey items), similar curves were observed and a reduction of the error 
bars. Diet richness ranged between 7 and 8 species during each sampling period. Values 
during SP2 and SP3 of ICE were slightly higher than the number of species found in the diet 
during the study periods (Table 4.1), the expected species richness during SP4 was slightly 
lower than the number of species found in the diet during this time (Table 4.1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.1 Sampling efficiency curves of hyaena prey items recorded, during Sample Periods 2 (a), 3 (b) & 4 
(c) derived using EstimateS (Colwell 2005) in the Addo Elephant National Park, Main Camp. 
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4.4.2 Diet Description 
The most common prey items consumed during SP2 were kudu (27.3%). Buffalo 
were a common prey item consumed during all three sampling periods (SP2 = 24.2%, SP3 
= 27.9% SP4 = 28.9%), and they were the dominant prey item during SP3 and SP4 (Table 
4.2).  Red hartebeest (20.1%) and kudu (21.8%) were common prey items in SP3 and SP4, 
respectively (Table 4.2). During SP2 the most abundant prey item, kudu, were the most 
consumed, whereas the most common prey items in SP3 and SP4, warthog, accounted for 
less than 12% of the diet (SP3 =10.1, SP4 = 11.0; Table 4.2). During SP2 almost 80% of 
the diet consisted of buffalo (24.2%), kudu (27.3%) and red hartebeest (27.3%). During SP3 
and SP4 over 60% of the diets consisted of buffalo (SP3 = 27.9%, SP4 = 28.9%), red 
hartebeest (SP3 = 20.1%, SP4 = 21.8%), and grey duiker (SP3 = 19.3%, SP4 = 16.4%). 
 
4.4.3 Diet Niche Breadth and Prey Preference 
The diet breadth (B) for hyaena increased from SP2 (B = 4.6) to SP4 (B = 11.6) (Fig. 
4.2). The highest diet niche breadth (SP4) coincided with a period of low prey availability, 
the lowest diet niche breadth (SP2) occurred when prey items were the most abundant (Fig. 
4.2) indicating an inverse relationship between niche breadth and prey availability. 
 
 
56 
 
 
Fig. 4.2 Niche breadth (B) measure for relative frequency of occurrence and the total prey availability 
found in Addo Elephant National Park, Main Camp during each sample period (SP).  
 
Hyaena prey consumption differed significantly from what was available for all 
sampling periods (SP2 G = 30.8, df = 9, P < 0.05; SP3 G = 210.8, df = 9, P < 0.05; SP4 G = 
136.37, df = 9, P < 0.05) (Fig. 4.3).  
Red hartebeest, buffalo, and grey duiker were all preferred prey items during all 
three sampling periods (Fig. 4.3). Zebra and eland were avoided in SP3 and SP4, 
respectively, during the other sampling periods these species were taken in accordance 
with their availability (Fig. 4.3). Species which were avoided throughout included: kudu, 
warthog, and ostrich. Kudu and warthog were the most available prey items in the AENP 
Main Camp throughout the study (Fig 4.3, Appendix 3, Table A3.1).  
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Table 4.2 Number of prey items (No.) and proportion of different prey species in the spotted hyaena diet (relative percentage occurrence - RPO) 
during each sample period as derived from scat data from Addo Elephant National Park Main Camp, as well as 95% confidence intervals (95% CI) 
from 1000 bootstraps with the mean percent of each species in the diet (Mean %). 
 
 
Sample Period 2 Sample Period 3 Sample Period 4 
 
No. RPO 95% CI Mean % No. RPO 95% CI Mean % No. RPO 95% CI Mean % 
Buffalo 8 24.2 20.0-43.6 30.9 25 25.3 19.1-37.1 27.9 17 16.5 15.8-38.4 28.9 
Bushbuck 1 3.0 0.0-12.7 5.4 12 12.1 6.7-20.2 13.4 7 6.8 2.7-15.1 8.2 
Eland 2 6.1 0.0-12.7 5.6 3 3.0 0.0-7.9 3.5 0 0.0 0.0-0.0 1.4 
Grey Duiker 1 3.0 0.0-5.5 1.8 17 17.2 12.4-28.1 19.3 13 12.6 8.2-24.7 16.4 
Kudu 9 27.3 14.6-34.6 23.6 13 13.1 7.9-22.5 14.8 16 15.5 12.3-31.5 21.8 
Ostrich 0 0.0 0.0-0.0 0.0 0 0.0 0.0-0.0 0.0 0 0.0 0.0-0.0 0.0 
Red Hartebeest 9 27.3 7.3-27.3 16.4 18 18.2 12.3-29.2 20.1 8 7.8 4.1-16.4 9.7 
Warthog 1 3.0 5.5-21.8 12.8 1 1.0 4.5-15.8 10.1 8 7.8 5.5-17.8 11.0 
Zebra 1 3.0 0.0-5.5 1.8 9 9.1 0.0-0.0 0.0 5 4.9 0.0-9.6 4.1 
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Fig. 4.3 Hyaena prey preferences in the Addo Elephant National Park, Main Camp using Jacobs’ index 
(D), based only on relative % occurrence. The values are in decreasing order of preference. Black 
columns represent SP2, dark grey SP3, and light grey SP4. Values where D > 0 indicate preference and 
D < 0 indicates avoidance. Log10 availability of prey items found in the diet for sample period SP2 
(square), SP3 (cross), and SP4 (triangle) is also represented. 
 
4.4.4 Biomass 
4.4.4.1 Diet Description and Preference 
Buffalo was the main species consumed (in terms of biomass) by hyaena throughout 
the study (SP2 = 62.1%, SP3 = 54.2%, SP4 = 54.7%), and accounted for more than half the 
food consumed during each sampling period (Table 4.3). Kudu was also a major item, but 
declined initially as a food source, then ranged from 15.4% in SP2 to 6.2% in SP4 (Table 
4.3). Buffalo had high biomass availability during all three sampling periods; as a result they 
were not a preferred prey item. Hyaena decreased their biomass consumption of red 
hartebeest and eland overtime, by 50% and 100%, respectively (Table 4.3). Although 
warthog were abundant in the study area (Table. 4.3), they provided less than 3% of the 
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consumed biomass for SP2 (0.8 %), SP3 (2.0 %), and SP4 (2.2 %). All the other six 
consumed prey items (zebra, eland, kudu, warthog and ostrich) provided less than 5% of 
the biomass consumed by hyaena over time (Table 4.3).  
Hyaena biomass consumption differed significantly from what was available for all 
sampling periods (SP2: G = 3949.2, df = 9, P < 0.05; SP3: G = 1070231, df = 9, P < 0.05; 
SP4: G = 27644.5, df = 9, P < 0.05). Grey duiker was the most preferred species; however 
its biomass was low and declined over time. Bushbuck and red hartebeest were both 
preferred relative to their biomass availability (Fig. 4.4). Buffalo, kudu, eland and warthog 
had the highest biomass available but were avoided throughout the study (Fig. 4.4). 
Biomass availability decreased for grey duiker, bushbuck, red hartebeest, and eland over 
time.  
 
Fig. 4.4 Hyaena prey preferences in the Addo Elephant National Park, Main Camp using Jacobs’ index 
(D), based only on relative % occurrence. The values are in decreasing order of preference. Values 
where D > 0 indicate preference and D < 0 indicates avoidance. The columns with the differing shades of 
black/grey represent SP2, SP3 and SP4 (SP4 being the lightest shade of grey). Log10 biomass availability 
of prey items found in the diet for sample period SP2 (triangle), SP3 (circle), and SP4 (diamond) is also 
represented. 
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Table 4.3 Biomass (kg) of prey items (No.) and proportion of different prey species in the spotted hyaena diet (relative percentage occurrence) 
during each sample period as derived from scat data from Addo Elephant National Park, Main Camp, as well as 95% confidence intervals (95% 
CI) from 1000 bootstraps with the percentage diet biomass.  
 
 
Sample Period 2 Sample Period 3 Sample Period 4 
 
Biomass 
Consumed 
RPO 
Mean 
% 
95% CI 
Biomass 
Consumed 
RPO 
Mean 
% 
95% CI 
Biomass 
Consumed 
RPO 
Mean 
% 
95% CI 
Buffalo 3456 58.7 62.1 54.5 - 73.9 10800 70.7 54.2 51.7 - 79.1 7344 66.6 54.7 49.8 - 71.0 
Bushbuck 23 0.4 0.4 0.0 - 0.50 276 1.8 1.4 0.0 - 2.0 161 1.5 0.8 0.0 - 4.6 
Eland 690 11.7 6.6 0.0 - 15.5 1035 6.8 4.2 0.0 - 8.3 0 0.0 0.0 0.0 - 0.0 
Grey Duiker 16 0.3 1.2 0.0 - 2.2 272 1.8 1.4 1.1 - 2.1 208 1.9 3.0 4.5 - 9.4 
Kudu 855 14.5 15.4 11.2 - 23.6 1235 8.1 6.2 5.8 - 10.7 1520 13.8 9.2 4.4 - 14.4 
Ostrich 0 0.0 0 0.0 – 0.0 0 0.0 0.0 0.0 - 0.0 0 0.0 0.0 0.0 - 0.0 
Red 
Hartebeest 
630 10.7 11.3 6.9 - 16.9 1260 8.2 6.3 4.6 - 9.8 560 5.1 3.0 0.4 - 9.6 
Warthog 45 0.8 0.8 0.0 - 1.2 405 2.7 2.0 0.0 - 5.4 360 3.3 2.2 0.0 - 6.3 
Zebra 175 3.0 3.1 0.0 - 4.5 0 0.0 0.0 0.0 - 0.0 875 7.9 5.2 0.0 - 12.3 
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4.4.5 Diet Overlap 
4.4.5.1 Intraguild Diet Overlap 
There were no significant differences between the diet composition for hyaena and 
lions prey for all sampling periods (Table 4.4). Lions and hyaena diet overlapped least 
during the first sampling period in 2003/2004 with 67% of the diet overlapping. Lions and 
hyaena diet overlap has increased since their re-introduction in 2003, from 67% to 91% diet 
overlap (Table 4.4). 
 
Table 4.4 Diet overlap between the consecutive sampling periods between hyaena and lions in the Addo 
Elephant National Park, Main Camp. Pianka’s Index values, G-statistic and P-values are represented with 
d.f = 9. 
Lions vs. Hyaena 
 SP1 vs. SP2 Lion vs. Hyaena SP3 Lion vs. Hyaena SP4 
Pianka 0.67 0.87 0.91 
G Statistic 0.0017 0.0027 0.0013 
P -Value 0.97 0.96 0.98 
 
4.5 Discussion 
In this study a minimum of 30 scat samples were enough to reach an acceptable 
asymptote during all sample periods, indicating that the sample sizes were adequate to 
successfully estimate the diet during the sampling periods, assuming that the hyaena have 
reached their limit of prey species consumed. Henschel and Skinner (1990) estimated that 
the minimum number of scat samples required per month to accurately reflect hyaena diet 
is 25 scats, and Breuer (2005) suggested that at least 110 samples are required to 
represent hyaena diets. However Breuer (2005) had well over 10 prey items represented in 
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the hyaena diet, including birds, fish, insects, and amphibians. The AENP Main Camp 
hyaena diet consisted of mammal species only. The lack of non-mammalian prey and 
megaherbivores result from hyaena in AENP Main Camp not supplementing their diets with 
other prey species as there is an abundance of both scavengable and live obtainable prey 
for them to consume. In addition, hyaena in AENP Main Camp restricted their diets to small- 
to large-sized mammals, reducing the prey spectrum that would need to be detected to 
adequately sample the diet. 
The hyaena diets in AENP Main Camp highlight the diverse nature of hyaena 
predation. This is similar to the predatory behaviour of the rest of Africa’s large carnivore 
guild, in that they have a preferred prey base. Their diets were fairly stable across the study 
periods and they had a core group of six preferred prey items in two of the three sampling 
periods, highlighting a degree of specialization. Preferred prey items over the sampling 
period included grey duiker, buffalo, bushbuck, zebra, eland and red hartebeest. Of the six 
most preferred prey items, three were preferred across all sampling periods (grey duiker, 
buffalo and red hartebeest). In addition three prey items were avoided across all the 
sampling periods, these prey items included the most abundant species, kudu and warthog. 
Although kudu and warthog were avoided relative to their abundance, they were important 
in the hyaena diets as they made up a large proportion of the scats.  
Avoidance of the most abundant prey items has been documented in hyaena diets 
(Hayward 2006), and carnivores are known to hunt the most available (abundant) prey 
items (Grange et al. 2004, Radloff & du Toit 2004, Breuer 2005, Hayward & Kerley 2005, 
Hayward & Kerley 2008). In other hyaena populations differing results in selection in relation 
to prey abundance was observed in both the KNP and NKNP. Warthog was a preferred 
prey species, and were commonly excavated from their burrows during nocturnal foraging 
bouts of the hyaena (Henschel & Skinner 1990, Di Silvestre et al. 2000). This digging 
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behaviour, linked with hyaena crepuscular behaviour, is absent in the AENP Main Camp 
(Hayward & Hayward 2007). Within the AENP Main Camp, warthog appear to have a 
temporal refuge from the hyaena population. In terms of kudu consumption, continuous 
observations of hyaena between 2004 and 2005 in the AENP Main Camp (Hayward & 
Hayward 2006) estimated that kudu were the most consumed prey species, while grey 
duiker only contributed 3% to the observed diet (Hayward 2006). These results are similar 
to SP2, as kudu were the second most consumed prey and grey duiker only contributed 
1.8% to the diet. However over time, grey duiker preference increased, although their 
availability was low. These differing results of preference in the sampling periods between 
the most abundant prey and the most preferred prey documented in the AENP Main Camp 
could be attributed to prey switching over time (Owen-Smith & Mills 2008b), differences in 
the data collection methods (Mills 1992, Wentworth et al. 2011), or scat analysis bias, 
especially for hyaena.  
Buffalo were preferred prey items in all sample periods, site-specific prey 
preferences have been found in several hyaena populations, preferring buffalo (Cooper et. 
al 1999, Di Silvestre et al. 2000). However, in the Savuti region of Botswana’s Moremi 
Game Reserve (Cooper 1990), and a comprehensive meta-analysis of hyaena studies 
(Hayward 2006) determined that buffalo were avoided by hyaena, and hyaena do not 
exhibit a significant preference for any prey species (Hayward 2006). Three of the preferred 
prey species during SP3 and SP4 grey duiker (16 kg), bushbuck (23 kg), and buffalo (432 
kg), fall outside of the preferred prey weight range (56 – 182 kg) as suggested by Hayward 
(2006). The consumption of prey items outside hyaena prey preference may reflect 
scavenging from lion kills (Kruuk 1972, Henschel & Skinner 1990, Mills 1990, Hayward 
2006).  
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Although the prey preference of hyaena remained similar, the consumption of prey 
items has changed overtime. Irrespective of the prey availability, larger prey items such as 
buffalo and kudu have increased in consumption over time. Smaller prey items such as grey 
duiker and bushbuck have decreased in consumption. This may be a consequence of the 
smaller prey items becoming rarer overtime and hyaena potentially having to scavenge off 
larger lion kills more often in SP4 as opposed to SP1. 
Unlike AENP lions, prey encounter rates of hyaena have not been documented. 
Therefore encounter rates, scavenging rates, escape success and clan sizes need to be 
better estimated in AENP in order to fully understand the factors which affect the preference 
and avoidance of prey items, furthermore a better understanding of habitat choice by 
hyaena should be examined as they prefer prey items which utilise the thicket environment 
such as bushbuck and grey duiker. Understanding the predator-prey interactions and how 
hyaena actively utilise prey items in specific habitats, in an enclosed reserve will have 
significant management implications for the hyaena. 
Since their re-introduction into the AENP Main Camp, lions and hyaena diets have 
become increasingly similar, ranging from 67% to 91% diet overlap over time. From the 
increasingly high diet overlap there is a high probability that much of the hyaena diet (large 
ungulates such as buffalo) is taken from lion kills. This further indicates that lions and 
hyaena do compete directly for food. Therefore hyaena diet in this study may be reflecting 
that of lions in AENP Main Camp. Both carnivores have a preference for grey duiker and 
bushbuck, and these prey items are declining in numbers. As a result hyaena may be 
actively hunting the smaller prey items, and rather scavenging off other larger prey items 
such as zebra, buffalo and eland from lion kills. Lions will generally clean a medium-sized 
carcass thus leaving little if any, available meat for a hyaena to scavenge off. 
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In terms of prey consumption both lion and hyaena increased their consumption for 
buffalo overtime. Lion also increased their consumption for warthog, grey duiker and 
bushbuck. Hyaena decreased their consumption for the smaller prey items, grey duiker and 
bushbuck. Hyaena shift in consumption (not relative to abundance) may be because smaller 
prey items have become less detectable, owing to high consumption rates by both 
carnivores. Larger prey items numbers have increased overtime as well as their 
consumption. This highlights an important ecological predator-prey concept in terms of 
species fluctuations and carnivore feeding adaptations. As preferred prey items numbers 
decline, other prey items not preferred or regularly consumed, increase. This feedback loop 
will drive the consumption rate of prey items as well as the abundance of prey items. The 
ecological repercussions of the feedback loop cause rarer smaller prey items to further 
decline in numbers, an increase in larger prey items, an increase in competition for prey 
items between carnivores, and an increase in diet overlap. Hyaena have increased their diet 
diversity, and lion have increased their diversity from SP3 to SP4. This increase may lead to 
the increase their prey selection to include other prey items, as the smaller preferred prey 
items are declining. 
Lions and hyaena diet overlap and co-existence in AENP Main Camp are facilitated 
by the availability of abundant prey in different size classes, this too has been observed in 
several diet overlap studies of carnivores (Karanth & Sunquist 1995, Andheria et al. 2007, 
Prigioni et al. 2008, Zhang et al. 2009, Silva-Pereira et al. 2011). Behavioural factors, such 
as a lack of temporal separation of hunting activities among lions and hyaena (both 
crepuscular) may also contribute to the overlapping feeding patterns observed (Radloff & du 
Toit 2004, Andheria et al. 2007, Hayward & Slotow 2009, Hopcraft et al. 2009). Other 
carnivores are able to partition food resources through shifting their diet to exploit a wider 
range of prey items (Andheria et al. 2007, Prigioni et al. 2008, Zhang et al. 2009), 
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behaviourally avoiding each other (Atwood & Gese 2010), and scavenging off kills (Roth et 
al. 2008, Merke et al. 2009, Atwood & Gese 2010). There appears to be no separation in 
prey item consumption and preference between lions and hyaena as their diets have a high 
percentage of overlap. Therefore these carnivores partition their resources by either 
exploiting the high availability of prey items or hyaena are scavenging off lion kills (Kruuk 
1972, Henschel & Skinner 1990, Cooper 1991, Mills et al. 1995, Höner et al. 2002, Trinkel & 
Kastberger 2005). 
In comparison to other documented hyaena diets (Kruuk 1972, Holekamp et al. 
1997, Cooper et al. 1999, Hayward 2006), hyaena in AENP were not dependent on prey 
availability, however similarly to these studies, they may be scavenging off large-sized lion 
kills. In terms of this study’s predictions, hyaena diets in AENP Main Camp showed a 
degree of specialization and a clear avoidance for certain prey items, rather than having an 
opportunistic diet. Hyaena and lion shared a 91% diet overlap in SP4, and this diet similarity 
between these carnivores has not affected their ability to co-exist in the AENP Main Camp.  
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CHAPTER FIVE 
GENERAL CONCLUSIONS AND FUTURE RESEARCH 
  
The quantification of large carnivore diets has been well documented. However, the 
increase in the re-introduction of large carnivores into small enclosed reserves enables a 
new topic of research. This research is able to explore the effects, causes and interactions 
of large carnivores on prey items in enclosed reserves over time. Furthermore how re-
introduced large carnivores utilise a naïve prey base in small reserves is of interest, as it 
plays an important role in management and understanding of species in enclosed protected 
areas. Diet monitoring and management of large carnivores is required in order to ensure 
and maintain ecological processes and patterns. It is therefore necessary to strengthen our 
understanding of diets and overlap of co-existing large carnivores in enclosed reserves, and 
this has been the primary aim of this study. 
5.1 Lion Diet Trends in the Addo Elephant National Park 
Chapter 3 highlighted the diet of the lions in AENP Main Camp since they were re-
introduced in 2003. It was observed that lions in the AENP had a degree of specialization in 
that they preferred and avoided certain prey items over time.  A number of preference 
studies have reported prey preference indices and preferred prey mass for a range of 
carnivores (Hayward & Kerley 2005, Hayward et al. 2006a, 2000b). These analyses 
suggest that prey selection and preference is fixed and does not vary temporally or 
spatially. However, results from this study have highlighted that initially when lions were re-
introduced; their diets were diverse, and they selected from what was available. highlighting 
a specialized feeding behaviour. Over time they have shifted preferences to avoid certain 
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prey items and an increased preference for other prey items. These results of diet shifting 
and a degree of diet specialization further suggested that prey utilisation should be 
specifically analysed at each site as the influence of predation may vary over time and in 
response to the prey community.  
Prey items which were avoided throughout the study included ostrich, kudu and 
warthog, even though kudu and warthog were the most abundant prey items. The 
proportion of buffalo consumption increased, as did preference for buffalo. The increase in 
buffalo consumption since their re-introduction could be owing to lion in AENP Main Camp 
developing a pride structure. Thus allowing lion to hunt and kill larger prey items. Primary 
preferred prey items were bushbuck and grey duiker. Lion’s consumption for both prey 
items increased, and the preference for these prey items increased through the study, 
although the abundance of both prey items declined. Therefore, prey selection and prey 
preferences were not fixed and shifted over time. Lion diets in AENP Main Camp were not 
influenced by prey availability and biomass availability.  
The number of potential prey items was twelve in the AENP Main Camp. Of the 
twelve potential prey items, lion prey profiles (number of prey items consumed) included 
only nine species during the study. Prey profiles in other lion diets fell within the range 
reported elsewhere in Africa, seventeen in Shamwari (Rapson & Bernard 2007),  and twelve 
in Mala Mala Private Game Reserve (Radloff & du Toit 2004). 
A three year study done in Shamwari, a surrounding reserve to AENP, observed that 
re-introduced lions exhibited a level of prey switching, observing a loss of naivety and 
increased vigilance by prey items causing lions to shift their diets (Rapson & Bernard 2007). 
Shamwari lion’s least consumed smaller prey items such as grey duiker, whereas in AENP 
Main Camp, lions consumed smaller prey items throughout the study (Rapson & Bernard 
2007). Furthermore, Shamwari lions preferred the most abundant prey items which included 
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kudu, other studies done in Kwandwe Private Game Reserve (Bisset 2007), Manvara Park 
(Schaller 1972) and KNP (Mills 1995) corroborated this data. However there are 
documented diets where carnivores avoid the most abundant prey items. Tiger and leopard 
diets in Nepal were not driven by prey abundance and less abundant prey items were 
preferred (Wegge et al. 2009), this data corroborates with the diets of the large carnivores in 
AENP Main Camp. 
These differing results from surrounding and other reserves suggest lion’s diet 
flexibility and degree of diet specialization will play an important role in their management. 
Stressing the management of preferred prey items in an enclosed reserve. Knowledge on 
carnivore diets is important for managers to assess impact on prey populations in small 
reserves in order to manage them correctly, thereby preventing depletion of such 
populations. 
5.2 Spotted Hyaena Diet Trends in the Addo Elephant National Park, and a degree 
of diet overlap with Lions 
Hyaena diets in AENP Main Camp, like the lion diets, are site specific. Hyaena 
showed a preference and avoidance for certain prey items in all sampling periods, 
suggesting a degree of specialization in their diets. This is contrary to what is found in most 
hyaena feeding ecology studies (Hayward 2006), although prey preference has been 
observed in hyaena populations (Cooper et al. 1999, Di Silvestre et al. 2000). Therefore this 
preference and avoidance by hyaena highlights their ability to select for certain prey items 
(Holekamp 2007, Hayward 2006). 
Three species were avoided throughout the study. These included ostrich, kudu and 
warthog. The proportions of buffalo preference increased over time as a result of the 
decrease in availability of smaller prey items, such as bushbuck and grey duiker. Primary 
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preferred prey items included grey duiker, red hartebeest and bushbuck. Initially, when 
hyaena were re-introduced in 2003, bushbuck was mostly avoided, however preference for 
bushbuck has increased over time, as a result of a decrease in bushbuck availability. The 
preference for small-sized prey items with a decreased availability has not been 
documented in literature concerning hyaena diets. Reasons for this may lie in the sampling 
methods. Most long term carnivore studies employ direct observation of kills (Mills & Shenk 
1992, Rapson & Bernard 2007), and studies involving scats are generally a one off 
sampling method and do not capture any trends. Direct observations are biased against 
smaller prey items (Radloff & du Toit 2004), which may account for the lack of smaller prey 
items documented in hyaena diets. 
Carnivores are able to co-exist by either temporally and spatially partitioning their 
food resources as seen in several overlap studies (Hayward & Hayward 2007, Hayward & 
Slotow 2009, Hopcraft et al. 2009, Atwood & Gese 2010), or adapt and shift their diet to 
exploit a wider range of species where by decreasing resource competition (Radloff & du 
Toit 2004). However, lions and hyaena diet overlap increased over time in AENP Main 
Camp, they do not partition their activity hours (Hayward & Hayward 2007), nor did either 
carnivore shift their diet to exploit other prey items. Alternatively, the high diet overlap may 
have resulted from scavenging activities exhibited by hyaena in AENP Main Camp. 
Scavenging activities, which result in similar diets between sympatric carnivores, has been 
well documented (Kruuk 1972, Henschel & Skinner 1990, Mills 1990, Hayward 2006, Roth 
et al. 2008, Merke et al. 2009, Atwood & Gese 2010). Therefore the resulting hyaena diets 
in the AENP Main Camp may have been facilitated by lion kills, this has been observed in 
other lion & hyaena populations (Hayward 2006, Hayward & Kerley 2008), reflecting lion 
diet choice, rather than their own prey selection. If hyaena were scavenging off lion kills, 
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then the facilitated hyaena diets would lessen resource competition between the two 
carnivores, unless kleptoparasitism occurred (Gorman et al. 1998).  
5.3 Implications of this Study 
This study has provided an estimate of the diet trends of hyaena and lions, as well 
as their diet overlap in AENP Main Camp. This study highlighted that studying carnivore 
diets, specifically trends over time, is an important part of understanding the biology of 
these species and how they behave in a given environment (Breuer 2005). Although 
preferred prey items have decreased in numbers, the expected shift in their diets to more 
numerous prey items has not occurred (Reynolds & Aebischer 1991, Mills et al. 1995, 
Rapson & Bernard 2007, Owen-Smith & Mills 2008). The lack of a diet switch from a low 
availability prey item to a more abundant prey item may only reflect at a later stage, 
therefore this study may only be a snap-shot of what might happen in time. This study may 
be misleading in terms of carnivores not shifting their diets once preferred prey items have 
almost diminished. Large carnivores may still shift their diet to consume other available prey 
items once the preferred prey items are no longer detectable in the AENP Main Camp. In 
large systems such as Serengeti (Hopcraft et al. 2005), KNP (Mills et al. 1995) diet trends 
have been estimated over 16 and 24 years respectively, whereas this study was only over a 
seven year period. Long term shifts may result over time, which argues the need for longer 
term diet and prey abundance studies to detect such shifts in their diet. 
Diet overlap between the two carnivores has increased overtime. This overlap has 
implications on a broader ecological scale as this has affected the number of prey items in 
the AENP Main Camp as well as increasing resource competition between the carnivores. 
Species which are unable to exhibit relevant responses to high predation will therefore be at 
particular risk, and their identification and appropriate management is critical to their 
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survival. Re-stocking rarer preferred prey items into reserves may be a costly effort and an 
ineffective management decision if hyaena and lions continue to prefer the naive re-stocked 
prey base. Therefore, preferred ungulates which do not respond behaviourally (i.e. temporal 
refuge and defensive behaviour) to heavy predation will continue to decline and eventually 
become locally extinct (Ripple & Beschta 2004). In order to limit these implications the 
carnivores will, according to predator-prey models, shift their diets to consume more 
abundant prey items, since detection of the rarer prey items has increased. Once this shift 
has occurred rarer prey items numbers will replenish and more abundant prey items will be 
exploited. Healthy carnivore populations can only survive in the presence of a healthy prey 
population (Breuer 2005, Lehmann et al. 2008). Therefore this shift of consumption to larger 
prey items may also limit the competition for food resources between the carnivores. 
Scat analysis used in this analysis may pose some limitations which affect the 
results and interpretation of the results. Scavenging events by hyaena cannot be 
determined through scat analysis. Not fully understanding the predator-prey ecology and 
carnivore competition for resources my lead to misleading interpretations. Other issues 
arising from scat analysis interpretation is pseudo-replication of samples, especially with 
hyaena, as hyaena use latrines. Male and female lions consume different sized classed 
ungulates (Funston et al. 2001), which may also askew the results and hence interpretation 
of the diet analysis for lion in general. However, because of the thick vegetation in the 
AENP Main Camp and the easy at which scat is to sample, scat analysis was the preferred 
method throughout the sampling periods.  
Documented information, such as this study, on carnivore diets and prey availability 
responses could prove very valuable to other enclosed reserves which stock hyaena and 
lions or intend to stock large carnivores in the future (Lehmann et al. 2007).  
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5.4 Future Research 
Knowledge of carnivore diets is crucial for their management, yet without substantial 
field work, wildlife managers currently have little idea of the specifics of predator-prey 
interactions at their sites (Hayward et al. 2007b). Further investigations are needed to 
determine which differences among the large carnivores permit their co-existence, whether 
it is avoidance spatially and temporally, high prey abundance, or scavenging. Hyaenas are 
known to scavenge a percentage of their diet (Kruuk 1972, Henschel & Skinner 1990, 
Höner et al. 2002, Trinkel & Kastberger 2005). However, dense vegetation such as thicket 
in the AENP and the limitations of scat analysis renders defining the hyaena diet, in terms of 
killing or scavenging events, difficult. Information on hyaena scavenging and 
kleptoparasitism (Gorman et al. 1998) in the AENP will help further understand the 
observed high diet overlap and hence the co-existence of these two known competitors 
(Roth et al. 2008, Merke et al. 2009, Atwood & Gese 2010). 
Additionally, information is required on seasonal rainfall variation in the feeding 
ecology and diet choice of AENP Main Camp carnivores (Breuer 2005). Seasonal changes 
in large carnivore diets have been observed in long-term diet monitoring in large reserves 
(Mills et al. 1995, Radloff & du Toit 2004, Owen-Smith & Mills 2008). However, using scats 
to determine fine scale changes in diet related to rainfall is difficult. Knowing the date of the 
kills is needed to assess fine scale diet in relations to rainfall, and unless scats are collected 
fresh, the date of the kill is unknown. Therefore in order to detect these fine scale changes, 
direct observation of kills is needed. Regardless of difficulties in assessing diet in relation to 
rainfall, it would be interesting to determine if seasonal conditions (rainfall) in a smaller 
reserve like AENP Main Camp, has an influence on the diet choice, distribution and social 
behaviour of the large carnivores as shown in other parts of southern Africa.  
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A detailed evaluation of the effect of large carnivores on the abundance and 
distribution of prey species can only be detected if densities and distribution of all large 
carnivores and prey items are known at a finer scale (Breuer 2005). Detailed information 
about the different prides, clans and coalitions should be monitored for both carnivores. This 
has been well documented in other carnivore diet studies, and it would be interesting to 
study, in greater detail, how pride, clan or coalition structure affects their individual diets, as 
well as the exploitative competition such as kleptoparasitism between the two carnivores 
(Cooper 1991, Carbone et al. 1997, Gorman et al. 1998, Höner et al. 2002, Breuer 2005).  
Further studies should be done on the anti-predator behaviour (Ripple & Beschta 
2004) exhibited by the prey species in the AENP Main Camp. Understanding the effects the 
large carnivores have on preferred prey items such as the less abundant species, grey 
duiker and bushbuck, will give a better understanding as to how declining preferred prey 
populations react behaviourally to heavy predation. An integrated approach that accounts 
for prey escape behaviour, prey encounter rates, carnivore hunting success, prey age/sex 
choice (juvenile or solitary species), and/ or and landscape features (i.e. water holes, 
habitat preference etc) should lead to a better understanding of anti-predator spatial shifts 
and improve the ability to anticipate the consequences of changes in prey distributions and 
trophic cascades (Wirsing et al. 2010). Studies are currently been done on the defence 
mechanisms shown by the buffalo in the AENP Main Camp (C.J. Tambling, Unpublished 
Data). Knowing and understanding the prey behaviour towards large carnivores will also 
help predict future prey choice by carnivores in enclosed reserves.  
Data from long-term ecological studies and hence further understanding of 
ecosystem dynamics, can guide evidence-based management (Sinclair et al. 2007). Long-
term studies usually begin for short-term eclectic reasons (Sinclair et al. 2007). 
Nevertheless, as they progress, new events lead to further research and the combined data 
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lead to insights that are then related to the time series (Sinclair et al. 2007). Future research 
will help to better understand the biology of the AENP ecosystem, as well as the ecology of 
the hyaena and lions in AENP Main Camp.  
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APPENDIXES  
 
APPENDIX 1: SPECIES SCIENTIFIC NAMES 
 
Table A1.1 Species scientific names and common names which are mentioned in the manuscript. 
Common Name Scientific Name 
African Elephant  Loxodonta africana 
African Lion  Panthera leo 
Badger Meles meles 
Black Rhinoceros  Diceros bicornis 
Blue Wildebeest Connochaetes taurinus 
Gemsbok/Oryx Oryx gazelle 
Giraffe Giraffa camelopardalis 
Grizzly Bear Ursus arctos 
Impala Aepyceros melampus 
Jaguar Panthera onca 
Leopard Panthera pardus 
Porcupine Hystrix africaeaustralis 
Puma Puma concolor 
Racoon Dog Nyctereutes ussurienusis 
Red Fox Vulpes vulpes 
Spotted Hyaena  Crocuta crocuta 
Steenbok  Raphicerus campestris 
Stone Marten Martus foina 
Tiger Panthera tigris 
Wild Dog Lycaon pictus 
Wolf Canis Lupus 
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Table A1.2 Species Scientific names and common names which were used in analysis as consumed 
prey items in Addo Elephant National Park, Main Camp. 
Common Name Scientific Name 
African Buffalo Syncerus caffer 
Bushbuck  Tragelaphus scriptus 
Common/Grey Duiker  Sylvicapra grimmia 
Eland Tragelaphus oryx 
Kudu  Tragelaphus strepsiceros 
Ostrich  Struthio camelus 
Plains Zebra Equus quagga 
Red Hartebeest  Alcephalus busephalus 
Warthog  Phacochoerus aethiopicus 
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APPENDIX 2: AGE AND SEX STRUCTURE OF LIONS AND HYAENA IN AENP 
Table A2.1 Age and sex structure of the lions since their re-introduction in 2003 – 2010 into the Addo 
Elephant National Park, Main Camp (Source: SANParks, Unpublished Data). 
 
 Male 
 
Female 
 
Unknown Sex 
Year Adult 
Sub-
Adult 
 
Adult 
Sub-
Adult 
 
1 Year 
Old 
6 Months 
Old 
1 Month 
Old 
2004 2 2 1 0 1 0 0 
2005 4 0  1 1  0 0 0 
2006 4 0  1 1  0 3 0 
2007 4 2  2 1  0 0 2 
2008 4 0  2 1  2 0 0 
2009 4 1  3 1  1 2 3 
2010 2 2  2 1  3 0 0 
 
 
Table A2.2 Age and sex structure of the spotted hyaena since their re-introduction in 2003 – 2010 into 
the Addo Elephant National Park, Main Camp (Source: ACE, Unpublished Data).  
Year Unknown Males Females Sub-Adult Juveniles 
2004 0 2 1 1 0 
2005 0 5 3 0 2 
2006 0 5 3 0 5 
2007 14 - - - 2 
2008 10 - - - 6 
2009 12 - - - 2 
2010 12 - - 2 0 
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APPENDIX 3: CORRECTION FACTORS FOR AERIAL CENSUS DATA 
Table A3.1 Correction factors for aerial census data collected in Addo Elephant National Park for each 
sample period (SP) and each available prey item. Correction factors are derived from Owen-Smith & Mills 
(2008). Original aerial census data values in parenthesis. 
 Correction Factor SP1 SP2 SP3 SP4 
Buffalo 1.1 405 (368) 424 (386) 366 (333) 319 (290) 
Bushbuck 3 350 (117) 371 (124) 137 (46) 104 (35) 
Bushpig  1 7 (7) 9 (9) 1 (1) 2 (2) 
Eland  1.5 290 (194) 281 (187) 72 (48) 37 (25) 
Grey Duiker  2.5 185 (74) 133 (53) 25 (10) 17 (7) 
Kudu  1.8 1750 (972) 2212 (1229) 1703 (946) 1624 (902) 
Ostrich  1 264 (264) 300 (300) 87 (87) 64 (64) 
Porcupine  1 1 (1) 2 (2) 0 (0) 0 (0) 
Red Hartebeest 1 355 (355) 475 (475) 264 (264) 220 (220) 
Steenbok  2 26 (13) 38 (19) 0 (0) 0 (0) 
Warthog  2.5 771 (229) 1235 (494) 2294 (918) 1928 (771) 
Zebra  1.2 75 (49) 107 (90) 65 (56) 90 (75) 
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Table A3.2 The availability percentage (%) of each potential prey item found in the Addo Elephant 
National Park, Main Camp for each sampling period (SP). 
 SP1 % SP2 % SP3 % SP4 % 
Buffalo 0.1 7.6 7.3 7.2 
Bushbuck 7.9 6.6 2.7 2.4 
Bushpig  0.1 0.2 0.0 0.0 
Eland  6.5 5.0 1.4 0.8 
Grey Duiker  4.2 2.4 0.5 0.4 
Kudu  39.4 39.6 34.0 36.9 
Ostrich  5.9 5.4 1.7 1.5 
Porcupine  0.0 0.0 0.0 0.0 
Red 
Hartebeest 
8.0 8.5 5.3 5.0 
Steenbok  0.6 0.7 0.0 0.0 
Warthog  16.8 22.1 45.8 43.8 
Zebra  1.3 1.9 1.3 2.0 
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APPENDIX 4: CONSUMED AND AVAILABILITY OF EACH PREY ITEM 
Table A4.1 The number of consumed species by hyaena and their corresponding availability in the Addo 
Elephant National Park, Main Camp for each sample period (SP). 
 SP2 SP3 SP4 
 Consumed Available Consumed Available Consumed Available 
Buffalo 8 424.1 25 365.8 17 318.6 
Bushbuck 1 370.5 12 136.5 7 104.0 
Eland  2 280.5 3 72.0 0 37.0 
Grey Duiker  1 132.5 17 25.0 13 16.7 
Kudu  9 2212.2 13 1702.8 16 1623.6 
Ostrich 0 299.5 0 87.0 0 64.0 
Red 
Hartebeest  
9 475.0 18 263.5 8 220.0 
Warthog 1 1235.0 9 2293.8 8 1927.5 
Zebra 1 107.4 0 65.4 5 90.0 
Table A4.2 The number of consumed species by lion and their corresponding availability in the Addo 
Elephant National Park, Main Camp for each sample period (SP). 
 SP 1 SP 3 SP 4 
 Consumed Available  Consumed Available Consumed Available 
Buffalo 2 405.4 26 365.8 33 318.6 
Bushbuck 8 349.5 11 136.5 16 104.0 
Eland  7 290.3 1 72 3 37.0 
Grey Duiker  8 185.0 7 25 16 16.7 
Kudu  14 1749.6 4 1702.8 12 1623.6 
Ostrich 1 263.5 0 87 1 64.0 
Red Hartebeest  3 355.0 16 263.5 5 220.0 
Warthog 3 747.5 14 2293.8 15 1927.5 
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Zebra 2 58.8 3 65.4 1 90.0 
 
APPENDIX 5: BIOMASS CALCULATIONS 
Table A5.1 The mean body mass of adult female (average weight kg) prey items found in the Addo 
Elephant National Park, Main Camp adapted from Owen-Smith (1988). 
  Average Weight (kg) 
Buffalo  432 
Bushbuck  23 
Eland  345 
Grey Duiker  16 
Kudu  95 
Ostrich  135 
Red Hartebeest  70 
Warthog  45 
Zebra  175 
 
Table A5.2 The biomass of consumed species by hyaena and their corresponding availability in the Addo 
Elephant National Park for each sample period (SP). 
 
SP 2 SP 3 SP 4 
 
Consumed Available Consumed Available Consumed Available 
Buffalo  3456 183189.6 10800 158004 7344 137649.6 
Bushbuck 23 8521.5 276 3139.5 161 2392 
Eland 690 4488 1035 1152 0 592 
Grey Duiker 16 45712.5 272 8625 208 5750 
Kudu 855 210159 1235 161766 1520 154242 
Ostrich 0 40432.5 0 11745 0 8640 
Red 630 33250 1260 18445 560 15400 
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Hartebeest 
Warthog 45 55575 405 103218.8 360 86737.5 
Zebra 175 18795 0 11445 875 15750 
 
Table A5.3 The biomass of consumed species by lion and their corresponding availability in the Addo 
Elephant National Park for each sample period (SP). 
 
SP 1 SP 3 SP 4 
 
Consumed Available Consumed Available Consumed Available 
Buffalo  864 175111.2 11232 158004 14256 137649.6 
Bushbuck 184 8038.5 253 3139.5 368 2392 
Eland 2415 4644 345 1152 1035 592 
Grey Duiker 128 63825 112 8625 256 5750 
Kudu 1330 166212 380 161766 1140 154242 
Ostrich 135 35572.5 0 11745 135 8640 
Red 
Hartebeest 
210 24850 1120 18445 350 15400 
Warthog 135 33637.5 630 103218.8 675 86737.5 
Zebra 350 10290 525 11445 175 15750 
 
Table A5.4 The average biomass (kg) of hyaena potential prey items found in Addo Elephant National 
Park, Main Camp per year, and the biomass removed (kg) by the hyaena along with the percentage 
removed (%) in relation to the average biomass per year during each sampling period (SP). 
 SP2 SP3 SP4 
Average Biomass/Year (kg) 73012.5 56209.4 50020.3 
Biomass Removed (kg) 442.2 1354.4 1022.7 
Percentage Removed/Year 
(%) 
4.4 13.5 10.2 
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Table A5.5 The average biomass (kg) of lion potential prey items found in Addo Elephant National Park, 
Main Camp per year, and the biomass removed (kg) from by the lion along with the percentage removed 
(%) in relation to the average biomass per year during each sampling period (SP). 
 SP1 SP3 SP4 
Average Biomass/Year (kg) 61883.8 56209.4 50020.3 
Biomass Removed (kg) 663.4 1133.2 1409.6 
Percentage Removed/Year 
(%) 
6.6 11.3 14.1 
APPENDIX 6: DIET NICHE BREADTH 
Table A6.1 Diet Niche Breadth (B) as expressed in relative percentage occurrence (RPO) for both lion 
and hyaena during specific sampling periods in Addo Elephant National Park, Main Camp. 
 
Lion Sample Periods RPO 
SP 1 6.3 
SP 3 5.2 
SP 4 5.3 
Hyaena Sample Periods 
 
RPO 
SP 2 4.7 
SP 3 6.0 
SP 4 11.6 
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APPENDIX 7: PIANKA’S INDEX – DIET OVERLAP  
Table A7.1 Diet overlap between the same species in the Addo Elephant National Park, Main Camp. 
Consecutive sampling years are compared within the same species. 
 Hyaena vs Hyaena Lion vs Lion 
 SP2 vs SP3 SP3 vs SP4 SP1 vs SP3 SP3 vs SP4 
Pianka 0.82 0.80 0.51 0.91 
G Statistic 0.0002 0.0027 0.0002 0.0078 
P Value 0.99 0.96 0.99 0.93 
 
 
 
 
 
